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PROCESS FOR THE PREPARATION OF AQUEOUS DISPERSIONS OF 
PARTICLES OF WATER-SOLUBLE POLYMERS 
AND THE PARTICLES OBTAINED 



Background of the Invention 

(A) Field of the Invention 

This invention relates to the preparation of aqueous dispersions of water- 
swellable polymer particles and to the particles obtained from such a process. 

(B) Description of the Prior Art 

Aqueous dispersions of water-soluble polymer particles are difficult to 
n.anufacture.Itis particularly difficuU to controlparticle size andsha^^^^ 
such particles reproducibly. Aqueous dispersions of water-soluble po yme 
particles that have been available prior to this invention are. in gen<^, not 
satisfactory. Previously, such particles are generally prepared by adding a 
crosslinking agent to an aqueous polymer solution under agitation Agitauon serv^ 
to break down the crosslinking polymer to give ti.e desired pamcle size. To break 
down the crosslinked and crosslinking polymers, sufficient mechanical stress to 
cause shearing and dismption of particle integrity is required. This levd of 
niechanical stress can only be achieved by applying vigorous agitation. This 
concurrent agitation-crosslinking method gives an undesirably broad distribution of 
particle sizes and shapes, and produces undesirable particle fragments. Additionally, 
there is substantial variability in the resulting particle populations between 
production runs. 

A particularly undesirable aspect of the heterogeneous particle populauon 
produced by this method is that it is difficult or impossible to "clean up" or 
fractionate die heterogeneous population to yield a homogeneous population of 
particles having the same size and shape. A homogeneous population of particles is 
particularly desirable where die particles are to be dehvered by injection through a 
narrow gauge syringe needle. 
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Oter process for preparing aqueous dispersions of crosslink^ >»aw- 
solublepolymcrparticlesinvdven^odstotareof aproprietary namre. 
such p^=s a.e either no. avail*le in Ae quanSnes .o meet con^.al de««i. 
^ physical paran^ers are no. sui«ble for a pa«icular appUcanon or to 
p^Ls canno. be varied sysren^y- Moreover, a <uU range of polyn»r 
composibons and sizes has no. been available. ,. .,.„. 

WaKT-sotable particles have various utilities. There are fluee bas,c types of 

water-based polymers: 

(a) Solution polymers. These polymers comprise dispersions of 
individual polymer molecules, m viscosity of the solution depends upon the 
molecular weight and concentration of the polymer; the higher the molecular wei^ 
and concentration, the higher is the viscosity of the solution. The viscosity of ^ 
solution limits the useof these solution polymers to low molecular weights and low 
concentrations. This is especially true where the use involves delivery of parades 
via injection through a narrow gauge syringe needle. 

(b) Latexes. These polymers comprise colloidal dispersions of polymer 
particles, each of which comprises hundreds or thousands of polymer molecules^ 
L viscosity of the latex depends upon the interactions between the coUoidal 
particles and is independent of the molecular weight of the polymer. Tb^, latexes 
often combine low viscosities with high polymer concentrations. Moreover the 
mechanism and kinetics of emulsion polymerization favor the preparauon of high- 
molecular-weight polymers «ith rapid rates of polymerization. Aqueous disp^^^^^^ 

of crosslinked water-soluble polymers can be prepared by inverse emulsion or 
inverse suspension polymerization of monomer mixmres containing a cro^lmking 
monomer, e.g., a mixture of acrylamide and methylene-bis-acrylamide. However, 
this method is limited to polymers that can be prepared by radical cham 
polymerization, which excludes natural water-soluble polymers. There remains a 
need to prepare particles of v.ater-soluble polymers that are derived from namral 
sources. 

(c) Water-reducible or water-dispeisible polymers. These polymers 
have a degree of dispersion intermediate between that of solution polymers and that 
of latexes. The viscosity of these intemiediate samples depends upon the relative 
degrees of solution polymer and latex polymer character. As with the latexes, this 
method is limited to polymers that can be prepared by radical chain polymerization^ 

Polysaccharides are naturally occurring biopolymers that exist m a highly 
viscous liquid state in animal tissues, where they readily react with proteins to from 
glycosaminoglycans or proteoglycans. 
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Biocompatible and non-biodegradable particles that are non-cytotoxic. non- 
carcinogenic, non-inflammatory, non-pyrogenic, and non-inununogenic are needed 
to provide a solution to the long felt and unfulfilled need for an improved 
composition useful for implants; soft tissue augmentation to tieat congenital 

5 abnonnalities, acquired defects, and cosmetic defects; and tissue scaffolding to 

promote cell growth. 

Homogeneous populations of such particles would be particularly useful for 
soft tissue augumentation by surgical implantation or, preferrably, delivery to the 
desired site by conventional injection through a narrow gauge syringe needle. 

10 It would be particularly desirable to use such particles to treat urinary 

incontinence and vesicoureteral reflux, for correction of wrinkles and other skin 
defects, or to serve as a general augmention or replacement composition or as a 
scaffold material in soft or hard tissues such as breast, lip, penis, bone, cartilage, and 
tendon. 

15 U.S. Patent No. 4,124,705 to Rothman, et al (hereinafter ''RothmarC') 

discloses hydrophilic, water-insoluble particles having a particle size between 0.1 
and 300 micrometers which are composed of a polysaccharide or polysaccharide 
derivative such as starch, glycogen, or dextrins. The particles are crosslinked into a 
three-dimensional network by ot(l-»4)glucosidic linkages. This network is 

20 degraded in the body through hydrolyzation of the a(l-^)glucosidic linkages by 
a-amylase to form water-soluble fragments. 

The Rothman particles are produced by bead polymerization in which a 
solution of the polysaccharide is dispersed to droplet form in an inert liquid, such as 
octanol, which may contain an emulsion stabilizer, such as Gafac PE 510. A 

25 crosslinking agent, for example, a di- or multi-epoxides or a dicarboxylic acid^ is 
then added to the reaction mixture. The octanol used in the Rothman process is a 
polar solvent which is miscible with the aqueous solution of the polysaccharide. 

The Rodmtan particles are administered intravascularly in aqueous solutions, 
such as glucose, sort)itol, or saccharose, to block the finer blood vessels leading to a 

30 particular part of the body. This prevents the tissue in that part of the body, for 
exanq)le, a tumor, from receiving necessary oxygen and nutrients and inhibits 
growth of the tissue. The particles may also be administered with a diagnostic or 
therapeutic agent, allowing the agent to be trapped within or without of the effected 
tissue for brief periods of time. 

35 European patent application 256,293 to Mitsubishi discloses water-msoluble, 

crosslinked, polyvinyl alcohol particles in the shape of spheres having an average 
particle size from 20 to 1,000 micrometers. The particles are produced by 
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dispersing a solution of polyvinyl alcohol and a salt in an organic solvent, such as a 
hydrocarbon, to form a gel which is then reacted with a crosslinking agent, such as a 
dialdehyde, diepoxide. glycidyl ether, and epihalohydrin. Suitable salts are sodium 
chloride, sodium sulfate or any other salt capable of coagulating and precipitatmg 
polyvinyl alcohol. A dispersion stabilizer, such as a cellulose or soibitan derivauve. 
may be added to the reaction mixture. Mitsubishi further discloses that the 
crosslinked polyvinyl alcohol particles are suitable for packing materials in 
chromatography. 

European patent application 555,980 to Nisshinbo discloses crosslinked. 
spherical particles of water-soluble polymers, having a particle size ftom 0.1 to 30 
micrometers. Specific polymers disclosed are sodium alginate, dextran, dextran 
sulfate sodium, carragheenan, agarose, agar, gelatin, pectin, water-soluble ceUulose 
derivatives, such as caiboxymetiiylceUulose sodium. The polymer particles also 
contain an oUgosaccharide or polyhydric alcohol, such as sucrose, which is 
necessary to provide the particles with a spherical shape. Specific oUgosacchandes 
disclosed are mannose, sucrose, cellobiose and raffinose; specific polyhydric 
alcohols are polyethylene glycol or erytiiritol. Tlie Nisshinbo particles are useful as 
additives and binders because of their water-retaining and lubricating properties. 

The polymeric particles of Nisshinbo are made by preparing an aqueous 
solutionoftiie water-soluble polymer and an oUgosaccharide or polyhydric alcohol. 
This solution is then spray-dried to form spherical particles. Nisshinbo discloses 
that it is not possible to obtain spherical particles tiirough spray drying techniques 
without the addition of an oUgosaccharide or polyhydric alcohol. The spray dried 
particles are tiien crossUnked. Specific covalent crosslinking agents disclosed are 
divinyl compounds or bisepoxide. whUe spedficaUy disclosed ionic crosslinking 
agents are calcium chloride and other divalent metal salts. 

U.S. Patent No. 4,716,154 to Malson, et al (heremafter "Malson") 
discloses a transparent, homogeneous. crossUnked hyaluronic acid gel which is a 
clear optical mass usefiU for replacement of vitreous humor in individuals with 
retinal detachment Hie gel may contain otiier polysaccharides in additional to 
hyaluronic acid. The gel is administered by injection through aO.9 milUmeter needle 
tip. 

The process by which the gel of Malson is made involves dissolvmg 
hyaluronic acid and a crossUnking agent in an alkaline medium, preferably at an 
elevated temperature of about SO'^C. The resulting gel must be washed to remove 
unreacted crosslinking agent. The prefered crossUnkers disclosed are di- or 
polyfunctional epoxides. 



wo 99/31167 



5 



PCT/US98/26094 



5 



U S Patent No. 5,603,956 to Mateescu, et al. {hereinafter ^Mateescu") 
discloses crosslinked polymer particles of amylose having a size of about ^ 
about 5.0 micrometers which form agglomerates of approximately 25-700 
micrometers. The polymers are crosslinked solely through a(l-^) hnkages. 

The Mateescu particles are formed by direct compression of an admixture of 
a drug with the crosslinked amylose polymer and an amount of a-amylase enzyme. 
The crossUnked amylose polymer is fomned by swelling amylose m an alkahne 
medium in a planetary mixer, with homogenization, followed by addiUon of the 
crosslinker with moderate heating of between 40-70 C. 

The polymers are useful for the slow release of drugs. The a-amylase 
piesent in the particles breaks down the a(l-*4) linkages, releasing the drug and 

degrading the polymer. 

U.S. Patent No. 5,37 1,208 to Komlic discloses electrophoresis gels havmg a 
very low polymer concentration and improved optical properties. The gels are 
formed by reacting a hydroxyl group containing polymer with a crosslinker that is 
capable of foiming ether linkages, such as bis-epoxides, in an aqueous medmm at a 
basic pH. Because the process is perfomied m water, hydrolysis of the reactive 
groups present in the crosslinker is an unavoidable side reaction. 

U S. Patent No. 5,041,292 to Feijen discloses drug delivery system 
containing a drug and a biodegradable hydrogel matrix, formed by linking a 
polysaccharide and a protein with a crosslinking agent. The Feijen process mvoWes 
dissolving the polysaccharide, protein, and crosslinking agent in an aqueous medum. 
The crosslinked particles are then loaded with the desired drug, m hydrogel may 
be shaped into many fomis, including miciospheies which may be from less than 
100 nanometers to over 7 micrometers in diameter. Fe^m discloses that the size 
may be varied in order to place the gels in the capillary bed of the lungs, the liver and 
spleen through phagocytosis of small particles, and in the extraceUular tissue. 

The particles formed by Feijen are maintained by mechanical agitation pnor 
to crosslinking, and once formed aie stabilized by heat, which is only possible in the 
presence of the additional protein component. Thus, the size and shape of the 
particles arc controlled solely by the mechanical force of the system 

Thus, there is a need for aqueous dispersions of water-swellable polymer 
particles of a relatively narrow particle size distribution with defined physical 
characteristics, for a process for preparing such dispersions, and for recovery of 
particles in any desired quantity at reasonable cost. 



wo 99731167 



6 



PCT/US98«6094 



10 



15 



20 



25 



30 



35 



C^^p,cducedbyU»procc..ln<hcfi«s«pof reprocess of fte~M 

^ous polym^ solution i, ten nuxcd unto mo<tea« ag«ancn ^ o-ph- 
Z^i ^y^^ and at leas, one en.nls,f«r u, fonn an 

rron of aropl«s of te wa»r-soluble polymer. A. leas, one c™ssln*n,g ag». 
^ of c Jinking te funcdona. groups a»i/or charges in 
*w„^ is men added .o *e emulsion <o fonn crosslinked wa^r-sweUable polyn»r 
pa^cles. This emulsion of ao»linked »a.er-sweUable polymer ^cles may 
Lo«Jly be inve.«d to an exeess of wa« u, provide an aqueous *^P='^'°» «f 
clunked wacer-s^ellawe polymer parUcles, Opdonally, d>e --"^.-^^ 
s«ellablc polymer particles can be .covered from *e a<pK»us dispersion by 

conventional methods, ^ 

In one embodiment, the dislosedprocess comprises formmg an aqueous 
solution of a water-soluble polymer having at least one of the following fianctiond 
groups: hydroxyl groups, thiol groups, carboxyl groups, sulfomc ac.d gro^ 
ZL groups, phosphate groups, amino groups, aldehyde groups, and sulfonyl 
halide groups. This aqueous solution is then added to an oil phase cont^g a 
hydrocarbon and an emulsifier having a low HLB value, preferably less than 8 

In another embodiment, the invention generaUy comprises a crosslmked 
water-swellable polymer particle preparation. Tb. preparation contains crosslmked 
^vater-swellable polymer particles that are substantially homogeneous ^ ^ 
particles have a size between about 10 and about 250 micrometers in diameter. 
particles are preferably less than 212 micrometers in diameter. At least about 80% 
of the particles in the preparation are spherical. More specificaUy, the particle 
preparation comprises particles composed of one or more waler-soluble polymers 
having at least one of the foUowing functional groups: hydroxyl groups, thiol 
groups carboxyl groups, sulfonic acid groups, sulfate groups, phosphate groups, 
amino groups, aldehyde groups, and sulfonyl halide groups, and at least 95% of the 

particles are spherical. 

In yet another embodiment, the invention generally comprises aqueous 
dispersions contaming ciossUnked water-swellable polymer particles that are 
substantially homogeneous in size. The particles in the dispersion have a pamde 
size between about 10 and about 250 micrometers in diameter, preferably less than 
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212 micrometers. More specificaUy. the aqueous dispersions are suitable for 

medicinal purposes. 

Staled generaUy, another embodiment of the invention comprises the use of 
crosslinked water-sweUable polymer particles and aqueous dispersions contaimng 
them for medicinal purposes. More specificaUy, these methods include 
administering an aqueous dispersion containing the crosslinked water-sweUable 
polymer particles to an individual as implants, as scaffold material for ceU growth, or 
for soft tissue augmentation. Even more specifically, the invention comprises a 
method of soft tissue augmentation useful for the treatment of urinary incontinence, 
vesicoureteral reflux, glottic insufficiency, gastroesophageal reflux, or skin defects. 
The method also specifically comprises a method of providing scaffolding material 
for wound healing and for tissue replacement in tissues in the breast, lip, penis, bone, 

cartilage, and tendon. 

Therefore, it is an object of the present invention to provide a simple and cost 
effective method of preparing crosslinked water-sweUable polymer particles. 

It is another object of the invention to provide a process for preparing 
crossUnked water-sweUable polymer particles which provides an improved method 
for controlling the size and shape of the particles formed. 

It is yet another object of the invention to provide a process for the 
production of crossUnked water-sweUable polymer particles that provides a high 

degree of crosslinking. 

It is a fiirther object of the invention to provide a process for the production 
of aqueous solutions of crossUnked water-sweUable particles. 

It is an object of the invention to provide crossUnked water-sweUable 
polymer particles that are substantially homogeneous in size. 

It is another object of the invention to provide crosslinked water-sweUable 
polymer particles havmg a size between about 10 and about 250 micrometers. 

It is yet another object of the invention to provide crossUnked water- 
sweUable polymer particles having a substantiaUy uniform, spherical sh^. 

It is a fiirther object of the invention to provide crossUnked water-sweUable 
polymer particles containing one or more water-soluble particles having at least one 
or more functional groups or charges. 

It is an object of the invention to provide crosslinked water-sweUable 
polymer particles which are rigid and elastic. 

It is another object of the invention to provide aqueous dispersions of 
crossUnked water-sweUable polymer particles which can be injected through a 
narrow gauge hypodermic syringe needle. 
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augmentation by admimstenng an aqueous 

sweUable polymer particles. scaffolding material to 

It is a further object of the ^^^^^iZr^o. of crosslinlced wa.r- 
promoteceU growth by admimstenng an aqueous pe 

swellable polymer particles. 

DescHption .^e .nv»«» ^^^^ ^. 

The prestnt mvenuoo relates «. a IP u„ polyn«i 

„ panices « a« .ubs,an«y '-^^ ^^^^^l «nwan»a » 

Hgidity. and eompositon u> ""^^ ^ ton useW for unplant 
of .he panics of -he """"^ '^^^^^^^ ^ viv.. A 

„ a.teas.80%of«Kpa«iccsaresph«.^^^^y.'^P^^„ 
aboolOn»conKttBtod«me«andtestonabo«l21 

J - 90% of Ihe paiticte arc spherical. In tins iWUcanon, 
and at least 9U* 01 u.: f .,„,„,, gn* of the panicles are wittan one 
snbsmtially homogeneo,^ .neans tha. a, least ^ 

unilateral mammary hypoplasia, pecws excavaiui ,„Km«cous clefl 

, ■ r^n^tence secondary to cleft palate repair or submucous cien 
velopharyngeal mcompetence seconaary 
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n.late Examples of acquired defects inchade. without liniitation, post surgical, post 
'^ItTn post inltious defects, such as depressed scars, subcutaneous 
rjr-e pLg. linear sclerodern. with subcutaneous atrophy, saddle-nose 
rXRolidisease,andunUater^ vocal cord ^^^^^^^ CostneUc defect^ 
without iLtation, glabeUar ftown lines, nasolabial creases, cucumoral 

geographical wrinkles, sunken cheeks and mammary hypoplasia. 

The homogeneous populations of particles produced by the process of the 

invention are useful for soft tissue augumentation involving deUvery to the desued 
implantation site by conventional injection through a narrow gauge syrmge needle 
(such as a 20. 21 or 22 guage needle), altiiough tiiey are also useftil for surgical 
implantation and other deUvery metiiods, such as endoscopy. 

The particles of the invention are useful for the treatment of urmary 
incontinence, vesicoureteral reflux, glottic insufficiency, and gastroesophageal reflux 
and for correction of wrinkles and other skin defects, or to Serve as a genend 
augumention or replacement composition or as a scaffold material in soft or hard 
tissues such as breast, lip, penis, bone, cartilage, and tendon. When tiie particles of 
the invention are administered to a patient to serve as scaffold material, the particles 
facilitate the migration and infiltration of fibroblasts and related cells. The large free 
spaces within the microsphere of the present invention, particularly polysaccharide 
microspheres, allows cells to infiltrate into and through the bead. Additionally, die 
large surface area of the microspheres promotes attachment and growtii of 
infiltrating ccUs. Still furtiier. the scaffolding material is gradually degraded and 
absorbed by the host. Optionally, when the microspheres of the present mventton 
are used as scaffolding material, bioactive agents can be crosslinked. coupled or 
odierwise attached, using methods weU known in the art, to provide localized ceUular 
stimuli. Examples of such bioactive agents include growth factors and cytokmes. 
such as fibroblastic growth factor, endothelial growth factor, interlukins. platelet 
derived growth factor, tissue necrosis factor, hormones, cell adhesion peptides, etc. 
Accordingly, when die microspheres of the present invention are used as scaffolding 
material, colonization of the site by cells is facilitated. 

A particularly advantageous feature of the invention is that process 
parameters such as die composition of the oil phase employed, the emulsifying 
agents selected, temperature, pH, crosslinking time and washing, can be adjusted and 
precisely controlled in small scale synthesis, and tiien readily and reproducibly 
dupUcated when scaled-up to fuU production runs to achieve superior microparticles 
having beneficial characteristics, such as substantially uniform size and shape, 
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ft^onal g«>up or charge m w*' J aq ^^^.^mring soluuon 

eo,^„«aooof *e polyn« m »'"»°";_^ 7,^^ 1 ^^A^ emulsifying 
U ^ided ,0 an oil phase vh-ch „, ^ „aur-sch.b.e 

3^Unana.»u„ts»i.ab.eU>pm™.e*e^«».^ 

, aropte of *e •*',-'*''^r^g in *e fonnaSon of c»ssli«ked 

by at leas, one crossLnking ageM, resultmg m ^^.ia^u emulsion is 

swellable polymer * „ ^ ^ aqueous dispersion of 

^ opaonall, i-T-* J^^T";!";, Jn., be recowed ftom *e 

' rrwi'^^ -^'"^ '""^^ 

^^arevriflunU^scopcofd^presenlinv^mon^ ^^i„^p«to 
Any»a.er.solublep=l,n>er.na.«lorsynd«uc^^ 

.^einvenuoup^videdi^cn^^..-^--^ ^ ^„ 
is lo» enough tol rt can be bmken down m ^ ^ ^s sites 

en«ilsific«*"n- j-v-ntion will contain one or mote 

Water-soluble polymers useful m d»mv^ ,^ 

of fu^al groups or ^esw^ re^w^ ^ ^.^ 

fo™ covalent and/or K»uc bonds. ExamP'" ^ 
«a.on.a.h,d.o>cylg.o^l^^^„, ^ ^ 

(SO3H), sulfate groups (OSO3H). '''^' ^J^xisaorBr). 
30 a.dehydegrou^a„dsulfo„,.hahdesroups(SOjX.wl^ 

include, but are not tamted to, protems, poy 

(^.oglycan Chairs cot^inS ^^^^^ l^^l pcpd-es), 
" f "CT Xcdinoglycan chains are linked,, teiC^ic acuis. 
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Other hydiophUic polymers useful in the invention include, but are not 
limited to. natural polysaccharides, such as hyaluronic add, sodium alginate, 
chondroitin sulfete, celluloses, chitin, chitosan, agarose, xanthans, dennatan sulfate, 
keratin sulfate, emulsan, geUan, curdlan, amylose, carrageenans, amylopectin, 
dextrans, glycogen, starch, heparin sulfate, and limit dextiins and fragments thereof; 
synthetic hydrophilic polymers, such as poly(ethylene oxide), poly(vinyl alcohol), 
and poly(N-vinyl pyirolidone); and proteins, such as bovine scrum albumin and 
human gamma globulin. Polysaccharides are the prefered water-soluble polymers 
for use in the invention. Particularly, hyaluronic acid and sodium alginate are 
polysaccharides that are biocompatible and biodegradable in human tissue. They are 
non-cytotoxic, non-caicinogenic, non-inflammatory, non-pyrogenic, and non- 
immunogenic, and, therefore, in the form of gel microspheres, they are good 
candidates for deUvery of drugs in accordance with the present invention. 

Many crosslinking agents are known in the art. Some form covalent bonds 
with various functional groups, whUe others form ionic bonds. The present 
invention contemplates the formation of polymer particles which are crosslinked 
through covalent bonds, ionic bonds, or both. 

Selection of die particular crosslinking agent for use in ttie process of tiie 
invention will depend upon tiie particular functional groups present in die water- 
soluble polymer to be crosslinked. For example, it is known tiiat glutaraldehyde 
crosslinks amino groups and that XAMA-7 crosslinks caiboxyl groups. Divinyl 
sulfone and epichlorhydrin crosslink hydroxyl and amino groups, and 
caibodiimides crossUnk amino and carboxyl groups. Many epoxides, for example, 
EGDE and BDDE, crossUnk hydroxy groups. The selection of an appropriate 
crosslinking agent can readily be accomplished by those of skilled in tiie art 

Examples of crosslinking agents which will be found satisfactory in tiie 
present invention inchide, witiiout limitation, pentaerytiiritol-tris-[beta (N-a2iridinyl> 
propionate], divinyl sulfone, XAMA-7, epichlorhydrin, glutaraldehyde, p-toluene 
sulfonic add, carbodiimides, epoxides, especially di- and polyepoxides, and 
ammonium persulfate. These crosslinking agents form covalent bonds widi die 
water-soluble polymers in tiie process of the invention. 

Ions of various alkah metals, alkaline earth metals, and transition metals can 
also be used to crosslink the water-soluble polymers employed in tiie present 
invention. Examples of tiiese metals include, but are not limited to, calcium, 
magnesium, sodium, potassium, chrOTiium, iron, copper, and zinc. For example, tiffi 
cakium ion is known to crosslink water-soluble polymers tiiat contain carboxyl 
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« age... on ««« ^ io^c W«. "n— ^ 

•Ite ctossMdng aeen. ca. be ^ i„ Ac oil pba«. or, m 

3o« cases, » fl« inverted e»^- age« 

chosen bui also upon the rale oi compeonve w* 

^ae^^on is « U» ra. of -""^^ » penni. 

teemulsificatioo.P«f^ly.*=''»^'^"^^^ OpaonaUy. c»ssli«king 

p^viaeU^desi^draleofcrosslinktag^- ^ 

Optionally, a catalyst can be aMea ^.soluble polymer 

Ch«>ce^apa..ie«.arca.a„s.««l W"^^-^^ ^ 
^ 33 »eU as .he »^ ^ ; reatUly done b, *ose skilled 

selection of any 9^ " ,'l'^„sed in *e practice of *e invention 

-*™rrrra,r ^an be ^ 

,«c«ab.epolyn« particle, in general -^^^^^ Of 

, pbaseU^ ^2-:::^:e:^r:.besolnblein.he. 

i,^ ■'.^I'^^^l'p^Tyn.er solution soluble or nn^ible 
phase. Neittter should the «aKr solum hydrocarbon should also 
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.^^^<^^'>^'^^--^^''''''^'"'^'^'^ 

aprKU»lsumdpomt,shooldbelowiiicost. , „h». i„,o ihe oU phase lo 

, a. used » fl« ° aS« can be 

used m the practice or me Nevertheless, how weU a given 

sorbitan monostearate, rr^tal soaps, and the »^ • . ^e 

.mnkifier works in any particular case depends upon the polymer 

The emalsiHer must faction to slabife wa«=r-n-solv=nt ^'»«" 

".-r;::.trp:rrr:=rLr^^ 

The choice of en,ulsif.ers dep^ds upc a -un*er of " 
wa«r-«.l*le po.yn«r se^ and tt« ^ of partictes » ^ fonn^^ » « 
:^I<.n^U»prope«iesofd»en,*fi=rwi.h*esi»andp»^o^^ 

»ll„»mgforthep™duc<ionotdifte»ntsiremiclosphe«s. 

Sdll anoter tapottant propen, in choosing an enuUsrfier .s abdity » 
^.^ a hydrophile-Upopiae bala«e. This hyd-ophiic-lipophilc balan^ . ^ 
b^bncebe^eenfl^sizeands^ngd. of a» hydroiMic (wa«r-lovn>g or polar) and 
teUpophilic(oil-lovingornon.polar)funcUonalgn»ipsonteemulsfc:. 

Emulsifiers oseful in invention have low HLB (HydrophJe-Upoptale 
Bata«)values.geneaUyHLB vataesof less *an ^ '^''^''''j, 

^ app«.xima«ly 6, nK^P-eferably b«w«. about 4 and about 6 A [«mcular.y 
pefered emolsiflcr is SPAN 60. Those skilled in .he art can .caddy deterrame, 
which wa.ei-in-oUeaiulsifier,i.e.surfectant.. to use in any given case. 

Tte c^sslinking x^on is controUed to son« extent by the pamcutar 
reaaants involve* .be conc«..ra,ion of the reactants. the length of °^ 
^..^andthepHoftheteactionmixnne. The ratio of d.e w«ght of 
^T-soluble po,yn«r to that of the cosslinking agent wiU depend upon the 
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c„„™mng*e 0^*^ sui^b^ --i- - 

BmperatUK. In my pamcular crossltaking reaction can 

dc^nnincdby thee skills! in the a., to ,„ th= 

be stopp^. by the addition o, an ak»i» ^j^J^ J 
^on tnixnne. The hydroxyl groups of ^^.^^^y. 

g„„ps of the c^ssUnking agent, ■^^'^'^^ „ eont». the rate of 

Tu «H nf the reaction imxture can be aajusiea lu 
■"T,: tr bTaddiUon of a ba«. such a. anunomun, hydtoxTde. or 

as^" "ydrocMoric acid, to ^ -eacta n>ixmrc 
an acid, such as aceoc oi j j.,.™™.. the extent of crosslinlcing 

cotnbination of .action rate and reacoon dme detemunes the exten 

of the >«f"='f"7^i^g to the p.«ent in«nuon because it 

* extern ^ ^ ,«er-s«Uable polyn«r 

a^enniues ^^^^^ ™cros^ to be utjeeted 

Ba-.^"^'^ ^ is de^nnined b, 

^ porostty rr^-^^^ld by the hon«.geneit, of the cootponents 

^ ^ut .0 and abt. --^^i^::: :z 

mextentandtypeofcrosslinkmgisalsonnportanttothep^ 

process of Rottanan. et al. (US Patent 4,1^ , ) Nonlimiting 
. „ ,„rt ctosslinker aUows for multiple types of linltages. 
'° '"'^ .^™t™fom»lby .heprocessof the ptesent invennon ate 

"'v f^t^.^' oL iferen. functional groups on .he water-soluble 

^rr=. differ. -'^--^^::..irBrrj: 

« hydro., groups '^-^^^^^TrrX:^ for., distent 
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qrpes of Itokages «iftin te same polymer. This 

Having "-^^ °* «^ 
Lwpte .ypes of function^ gn^ups. The number and type of d,fferen hrkages can 
beconwlledthroughselecUonofthere^^onconiponentsandparameteK. 

n« «ae,« of agiutton of 0>e emulsion during aroplerformauo. depends »>. 
only upon .eciie of fte rea^ants involved in any particular case bu. also u^n 
of ^ particles . b. fonned. For e»mple, as vdll become mo. ^ 
^luene co«.aining SPAN «) emulsUying ^ J^'^ 
„onos»a,a«havingaHU.of ab».i4.7. which is avalabte ftom ICI A^-- 
be used » make microscopicsize parties, e g.. 50 rmcn^ » - 
submic^scopic-size particles. e.g., 0.2 nucon^ers in diameter, accordmg to the 
concentration of fl« SPAN 60 and the degree of agnation. 

to general tenns. as the concenttatitK. of ti« emulsifier mcreases- te size of 

the particL formed decreases. This is because the emulsifie, s^btas d« 
todiimlcrospheresandinhibitstheiragglom^ation. "..s.te*^o^ 
agitation increases, die size of d« particles formed decreases. The p.ef«^ de^ 
7f agitation in the present inv»tion is a modcalc agitation of about lOO rpm » 
aL^«»rpmbystirring.mo.cp«»bou.200.pm.o400rpm. This le^M 
.gUadonissufBcienttoformpartclesintherangeof about lOmictometersto^ 

S> micrometers and .o mix the particles after fonnation »i*<« 

K a lo»er tovd of agitation is used, larger particles »in result. H the lev^l of 

agitation becomes too low, the microsphe«s will agglomeraB, fammg large 
liegates. On the otiier hand, if a higher level of agitation is used, subnu^on 
ZL wiU result It is not possible to control Uic omfonnity of ti« s« and/or 
Lpeofsuchsubmicronparticles. Ttese s„bmic«m particles are not »ivantageo^ 
taplants. soft tissue augme«ation. or tissue scaffolding bec«.s. they ^ly 
^gme to different organs or undergo endocytosis by taftammatory cells of the 
host, sudi as neutrophils and macrophages. 

The separation of the crosslinked particles torn the aqueous phase can be 
accomplished by various known procedures. Generally, after inversfen of the 
polymer particles into an aqueous phase. Uie oU layer is separated torn the aqueous 
Ise, e g., by sedimentation, leaving an aqueous dispersion of crosslink pol^r 
particles. Tben, the crosslinked waBr-soluble polymer particles are scp^ 
L aqueous phase by fUtration, after which the particles are washed and dehyd^ted 
with metiianol. The particles are ti«n dried. This can be done by merely spreadmg 
ti„ particles ou, on a flat surface; however, in fl« case of an indusmal scale 
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c^^on, fl. particte. ca. be dned a flmaized bed dher a»,v»«onaUy »scd for 

^ defeed I po.yn« particle containing o„= or more encapsula^d con^uons. 

anfigens antibodies, g«v«h fccm. inhibitors. anubKMcs. annsense 
^^ieotides. antiviral composition., anti^r 

agents, .nd other composUions to administeted to a patten, or dehv«d » a 
specific site in a patient. Microcapsules are large enough to be seen by dte naked 
Microspheres, on the other hand, a« much smaUer panicles that generaUy do 

noteontainencapsulatedmaterials. M«eov«, they tnay require optical nncr»copy 

to be seen. Beads are sphericaUy-shaped particles tat are large enou^ to 

with the naked eye. The limit of visibility of beads is in the range of from 60- 100 

micrometers in diameter. 

The size of partides resulting from the practice of the mvention, quite 
advantageously, can vary over a vdde range of sizes, both microscopic a^d 
subnucroscopic. according to the average droplet size of the emuls.on^^ wh^* 
depends upon the composition, type and concentration of emulsifier. as weU as ^ 
emulsificationprocedureandconditions. 'n.e particles of the invention axe generaUy 
between about 10 micrometers and about 250 micrometers in diameter. The 
polymer particles are preferably greater than about 10 micrometers and less tha^ 
Lut 212 micrometers in diameter, more preferably greater than about 10 
niicrometersandlessthanaboutlSOmicrometers in diameter. Advantageoudy. the 
particles formed are substantially homogeneous in size and shape. Another feamre 
of the water-swellable polymer particles of the invention is that when dispersed m 
water and injected through a narrow guage hypodermic syringe needle (20-22 
guage) a worm-like tiiread is formed. Injectability is an important chactenstic of die 
water-swellable microsphere when the particles are used for drug debvery or 
therapy. 

This invention is further illustrated by the foUowing examples, which are not 
to be constmed in any way as imposing limitations upon die scope tiieieof. On &e 
contrary, it is to be clearly understood that resort may be had to various other 
embodiments, modifications, and equivalents tiiereof which, after reading the 
description herein, may suggest themselves to tiiose skiUed in die art witiiout 
departing ftom the spirit of the present invention and/or the scope of die appended 
claims. 
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Example 1 

This example shows the preparation of an aqueous dispersion of crosslinked 
water-solubleparticles of sodimn alginate in the shape of microspheres. The recipe 
is set forth in Table I below: 

TABLE I 

for rrosslin^^H Wnter-SolnMe Polymer Particles 

Par^R hv Weight 

^^^S^ 100.00 
Water 

Sodium alginate water-soluble polymer 

30% Ammonium hydroxide to adjust pH to 10-1 1 18 drops 

100.00 

SPAN 60 emulsifier 
XAMA-7 crosslinking agent 

100 00 

Isopropanol dehydrating agent 

The ammonium hydroxide was added to a 5% aqueous solution of sodium 
alginate containing XAMA-7 pentaerythritol-tiis-[beta-(N-aziridinyl)-propionate] 
crosslinking agem to adjust the pH to pH 1 1 . With this crosslinking agent, this pH 
adjustment is critical to prevent premature crosslinking. The aqueous solution was 
then emulsified in a continuous toluene phase using SPAN 60 waier-in-oU 
emulsifier to give a water-in-oU emulsion or dispersion of aqueous sodium alginate 
droplets containing the crosslinking agent. Once the emulsion was formed and the 
desired droplet size distribution was achieved, a smaU amount of acetic acid was 
added to lower the pH to 7-8. The sodium alginate droplets crosslink rapidly at this 
lower pH. The crossUnked polymer solution-in-oil dispersion was then inverted in 
an excess of water, after which the oU phase was separated from the aqueous 
dispersion to give an aqueous dispersion of crosslinked sodium alginate 
microspheres. 

25 The emulsifier and conditions of agitation were selected to give tiie desired 

droplet size (and hence the desired polymer particle size). This size distribution was 
controUed. not only by tiie emulsifier used, but also by the type and intensity of 
agitation used to prepare the water-in-oil emulsion. The results of these experiments 
are shown in Table II. 
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p^rtirle Size, 



TABLED 



25 



Initialj 
Final pH**. 





S-49 


__8 


10-11 


8 


7-8 


1000 


900 


'13.5" 


7.1 


" 4.1 




Tf?r 


11.6 


70.3 


"^79:0 





_Si51_ 


SzS2. 


10-11, 


10-1 L 


10-11 _ 


7-8 
800 


7-8 

800 ' 


7-8 
1200 


"7.4" 
8.8 
23.5 
60.3 ~ 


" 5.1 
" 4.2 
' 14.7" 
■"70.1 


■ 3.9" 
""ST 
11.8" 
80.6 



** after addition of acetic acid 



■■ after addition of acetic acid 

demonstrate that crosslinked sodium alginate p ^^cibly using the 

.uo« i';n micrometers can be preparea rei^iu« 
a diameter of less than 150 microme 

hyaro^ae to PH >. ^ 8 „ 
subscquenaylowetmgttepHtoTSWMiac 

H« types of .e^ction nasks ai-d ^ „^Ito«om fUsk 

. J * , TEFI ON oolvtelrafluoroahylene half-moon suiret. 
equipped «.* a TEH^'^'"^ ^fl, ^ stainless-««M tuAme 

teC^^ - C. was Sin* .0 B. bu. of <,„.half-.Uer capac«y 
rotauon. The tnim, aesiguaw>u «^ enuiooed 
^ ^^ebaffles-The fo^h, de^s^-^js ^^^J^^^^^ 

■ V r-ioc rni OKH Stir Tester to control the speed of emuisuicauon " f 
witha G las-col ^^^^^ ^^,5^1, designated as E was similar 

varying loads miposed by the emulsifican ,^3iriess-steel turbine 

to D but equipped with a Glas-Col GKH Sur Tester ana 
ThS TlT^flaskCwasuscdu,™. S-^Sa^ougb S.54 *o«.u.TaMen. 
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Example 2 

nment 50 0 g water containing 2.25 g dissolved sodium 
another expenment 50.0 g 

alginate and 0.25 g Me^ocel ^^f^^^^, 1.5 g SPAN 

-^-----t S^^^ one-half Uter C and 

85 (sorbitan tnoleate. HLB 1.8, ^ th^ s 0 e water containing 1.0 g 
^ (abcu, .000 n») for abou. .0 wa. ^ 

rux::— '-r^^^^^^^ 

harden the ciosslinked xmcrospheres. The ^timng w 

::::na.t ..r --^^^-rr: 

n^crosphere. we. washed twice by surring ^^"^^^^ Acuity 
isopropanol. The microspheres were then filtered on filter paper 
and dried at room temperature. 

Example 3 

This example demonsT«es rffec. of pH coo^l on the ^ 

A A u..r^ 100 e of an aqueous solution contaming 7.00 g sodium aigmai 
drugdeUvery. 100 g oi an «X4 • ^ «^tli 18 droDS 30% aqueous 

~^r~la.ahou.lOOO^n>.m,o™.*onof«»^ 
trt T 8 This mixtme was then stirred for at)Oui :j u""* 
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^icrasphe^s. *e aqueous liquid layer was sepa««d by decanution^^ 
^c„>sJhe,esv««towashed™cewiU.abou.200n>lmeftanolbysedm«nuuo„- 

decantation, then filtered and dried at 15'C. , . - , ^ 

AU of the mictospheres obtained, when dispen«d in water and injected 
through a hypodennic syringe, formed worm-like threads indicating the 
microspheres were suitable for drug deUveiy. 

Example 4 

p^.^K„. ^.. rrn..-lin VH Sodinm Alpnate Mirrospheres Obtained 
Other dispersions of sodimn alginate were prepared using the recipe shown 
in Table HI below to detennine particle size distribution: 

TABLE m 

p^^^ p. fnr r.rossK "V-^ w^t^r-Solublf Polymer Particles 

15 Pi^ftf; hv Weight 

IngredisnL 

10 50 

Sodium alginate water-sohible polymer 
pH (controUed by addition of 30% ammonium hydroxide) 

20 Toluene 



10 



25 



30 



35 



150.00 
1.50 

SPAN 60 emulsifier 

o.uu 

XAMA-7 crossUnkmg agent 

7-0 
150.00 



pH (controUed by addition of 10% acetic acid) 
Isopropanol dehydrating agent 



161 g of an aqueous solution containing 10.50 g sodium alginate was mixed 
with sufficient 30% aqueous ammonia to adjust the pH to 10-1 1. This solution was 
dispersed in 150 g toluene containing 1.50 g SPAN 60 m the 0.5 Uter edacity 
stirred D flask using the stainless steel turbine agitator, as earUer disclosed, for 30 
minutes at 1000 rpm. The droplet size was monitored by optical microscopy wtob 
the emulsion was bemg stirred. When it was deemed satisfactory, sufficient 10% 
acetic acid was added to lower the pH of the aqueous phase to 7-8. This mixture was 
then stirred for 6 hours at room temperature to allow the XAMA-7 to crosslink the 
sodium alginate droplets. Following crosslinking, 150 g isopropanol was added to 
dehydrate the beads. The stirring was continued for another 30 minutes. Afterwards, 
the Uquid layer was separated by decantation. THe microspheres were washed twice 
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with about 200 nU methanol by sedimentalion-decantation, then filtered, and dried ai 
75°C 

The size distributions for the microspheres obtained in each case is given m 
Table IV. 

Table IV 

p.rt;^i^ nf Aq ueous Alginate Dispersions 

p Tsin S=5^ Si57 Sz58 

RunJlia V E E 

Reaction flask ^ 

6 6 6 

Reaction time (hr) " 

^ 1000-800 800 1000 

Stirring rate (rpm) iuuu-5uu 

Microsphere Size (%) 
a >250uni 

b. 212-250 urn 

c. 150-212 urn 

d. <150 urn 

Spherical morphology of microspheres 
before pH 7-8* 
after pH 7-8** 
small particles*** 
irregular particles*** 

* after addition of ammonium hydroxide 

* ♦ after addition of acetic acid 

* * * . few particles; -H- - more particles 

All of the microspheres obtained in these experiments, when dispersed in 
water and injected through a hypodermic syringe, formed the desirable worm-like 
threads. 

Example 5 

Pff^/^t nf YAMA-7 C r»cQlinkinP Agent At Vaopus 
r 9ncentratio ««= Tn Af|ueot'<= ^inV^^inn At pH 7 
This example is to show the effect of the crosslinking agent at various 
concentrations in the aqueous polymer solution on the formation of microspheres. 

Three problems were encountered in the first experiments with the XAMA-7 
crossUnking system: (1) The microsphere distribution was broader than desired; (2) 



10.6 


6.4 


6.4 


3.1 


4.5 


1.8 


7.0 


15.4 


9.3 


79.0 


73.6 


82.6 


good 


good 


good 


good 


good 


good 


+ + 


+ 


+ + 


+ + 


+ + 


+ 
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of *e XAMA .7 crosslinking agen. was UK. high. (3) 

""*^r' sodium algmaB«AMA.7crosslinldngagem.«<:«on. to 

i finally it fonned a near-soM gd « would no. flow wh» te 

'-:':T'^i:it::i°:::st t ^^aiuius so,u.on of 

slowly a. PH 11 . Therefore, *^ ™*= ".^ ^ h was used in <he experiment in 

m results of these experiments am shown below m Table V. 

TABLE V 
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* as a 5% solution 



agen, ,L«dwi*teoa*oxyl and hydroxy, groups of ^ sod.um algma., 

1„„ ^ *o,t U also ..a^ed isopropano. used .0 stop *e reacuon or d« 

mMhanol used to wash Ihe microspheres. „wt to 

•n» oMer of reacttvity wi* to crossUridng agent >s seen &om the to 
be sodium alginate (oarboxyl groups), followed by water, methanol, and isopropan^^ 
ltde real, of the crossUnldng agent wid, water fcnned hydroKyI grou^ tta. 
^lltwBze d« microspheres. Also, the XAMA-7 crosslir^ing ag^t reacted 
Tisopropa^l used to stop dte reacti,™ and the methanol us«. to ^ 
McK^phetes. a»i thus aUowed fte microspheres to be separated fiom the medrum. 

Example 6 

Pfy... r»nr.ntration w.w-«;n1nhle PolvmerTn Aqugous 
cif^jnTr" P"'''*P'' '^^^ of rmsslinKing Agent 
m original ratio of the weight of sodium alginate«AMA-7 crosslinking 
agent in the aqueous solution was 0.4. This ratio, it was discovered, is too low; 
indeed, the microspheres resulting from such a ratio comprised poly(XAMA-7) 
crosslinked with the sodium alginate polymer, rather than the opposite. Therefore, xt 
was coriside^d important to reduce the concentration of XAMA-7 crossbnkmg 
agent in the aqueous solution relative to that of the sodium algmate. 
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t.r 1 0 2 0-5.0% sodium alginaie 
«„uUo«, a:.d 0.05 g XAMA-7 — » ^J^as^d ftom 0.4 «, 1.0. 
Ttose tactions mv«uga«. «> T^i^vibdow. 

TABLE VI 

vama NaMg/ Relation 

Sotoi^giB^sS^^ limeJto) 

Ratio 



25 



RunJ^ 

2- 7-1 

3- 7-J 

4- 7-1 

5- 7-1 



1.0 
1.0 
1.0 
1.0 



2.0 
3.0 
4.0 
5.0 



0.05 
0.05 
0.05 
0.05 



0.4 
0.6. 
0.8 
1.0 



5.0 
5.0 
2.5 
1.0 




hypodennic syringe. Table VI 

Increasing the sodium alginate concentration to 5.0%, as seen iro 

increasing ui o viscosity of the 5% 

decreased hours to 1 h<«. ^tagi ^^„„^g 

to be carried out in the laboratory. 

Example 7 

pff^t ^f <;rviium, Ain r'-^''^^"^"tntion At ACongtant 

TOs sample shows fte oo™spo,«iing e£f=« of inc^astag sod.a™ 
algi«.=conce«r3aonatacons™iXAMA-7cn.sslinkiBgagc..ccncc^^ 
8 ^^eacUons. IBce those in Exan^te 6, wc. tavesUga^d io aqueous — 
without the «nulstfying systeoL The data is shown in Tabk= Vn. 
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TABLE Vn 

jy,. j:ff.rf nf Sodium Alginate, CopcengaaoiUt^ 



YAMA-7* mm 



2- 8-1 

3- 8-1 

4- 8-1 

5- 8-1 



1.0 
1.0 
1.0 
1.0 



2.0 
3.0 
4.0 
5.0 



0.05 
0.05 
0.05 
0.05 



0.4 
0.6 
0.8 
1.0 



3.0 
3.0 
1.5 
1.2 



♦ as a 5% soludon 

The ^sul,., as s=n 6om Tabl= vn. sindl^r » fto« a. pH 7 Wc 2 

excp, .ha. ^ ra« o, «a3 sUghUy slower. ^ ^ s<*««. a.^ 

from 2.0 % to 5.0% dec^srf to g.la»H. an. from 3 hours to 12 

hours. 

Example 8 

fff ^nt nf XAM ^-7 rnnr^entratioT) and pH Higher 
r^^^ntrarinns Of Alginate 
This example is to show the effect of the concentration of crosslinking agent 
andpH at higher concentrations of sodium alginate, mse reactions, as m Exax^e 
7 L invlgated without the emulsion system, m results are given m Tahle 

vin. 

TABLE Vm 
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* turned cloudy in 5 min., opaque white in 30 mm 
** turned cloudy in 30 min., opaque white m 60 mm. 
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* turned cloudy in 5 min., opaque white in 30 nuru 

cloudy in 30 niin.. opaque wlute m ^ nun. 
turned cloudy in 3 niin.. opaque white in 6 nun. 
**** turned cloudy and opaque white in 12 nun. 
XAMA-7 added as a 5% solution 

Table VIE shows the effect of XAMA-7 crosslinking agent concentrations 
and pH at 6.0 and 7.0% sodium alginate concentrations. The pH was vaned from 
60toll0 Generally, the gelation times increased with increasing pH.e.g., from 
nunutes at pH 7 to more than 48 hours at pH 1 1 . The gelation times at pH 6 w«e 

longer than those at pH 7. 

In general, as seen from Table VDI. the gelation time increased with 
decreasing XAMA.7 concentration at a given pH, e.g., from 11 minutes at 0.10 g 
XAMA-7 crossUnking agent to more than 30 minutes for 0.04 g XAMA-7 

crosslinking agent. 
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Example 9 

^ ff .t of the XAMA-7 crosslinking agent concentration at pH values 
Table IX. 

TABLE K 

rffrn nf X A^^^--^ roncentr^QnaBdgHjL6&^ 




* turned cloudy in 6 min., opaque ^hite at 25 nu^ 
cloudy in 9 min.. opaque white in 25 nun. 

*** very slow reaction 



15 




20 



turned opaque white in 42 min., forn^d i^nj^^^de gel 
** Sue white in 42 min., gel flowed slow y 

«*^d white in 42 min., gel flowed easily 

**** clear liquid after 200 min. 



wo 99/31167 



PCT/US98A86094 



28 



Run No. 


pH 


Sodium 
Alginate 
Solution (g) 


XAMA-7* 
(g) 


NaAlg/ 
XAMA-7 
Ratio 


Gelation 
Time 
(min) 














6-6-3 


6.4 


2.0 


0.06 


2.0 


260* 


6-8-3 


8.0 


2.0 


0.06 


2.0 


260* 


6-9-3 


9.0 


2.0 


0.06 


2.0 


260** 


6-10-3 


10.0 


2.0 


0.06 


2.0 


>260*** 


6-11-3 


11.0 


2.0 


0.06 


2.0 





* turned opaque white in 45 min, 
** turned opaque white in 45 nain., gel flowed slowly 
*** gel flowed easily 
5 **** clear liquid after 260 niin. 



Run No. 


pH 


Sodium 
Alginate 
Solution (g) 


XAMA-7* 
(g) 


NaAlg/ 
XAMA-7 
Ratio 


Gelation 
Tune 
(min) 














6-6-4 


6.4 


2.0 


0.04 


3.0 


300* 


6-8-4 


8.0 


2.0 


0.04 


3.0 


300* 


6-9-4 


9.0 


2.0 


0.04 


3.0 


300* 


6-10-4 


10.0 


2.0 


0.04 


3.0 


>300* 


6-11-4 


11.0 


2.0 


0.04 


3.0 


* * 



* flowed when inverted 
** remained a clear liqxiid 
10 XAMA-7 added as a 5% solution 

The reactions investigated in Example 9 were made on the aqueous solutions 
without the emulsion system and were conducted as disclosed in Example 6. 

At constant pH, the gelation time generally increased with decreasing 
15 XAMA-7 concentration, e.g., from about 100 minutes at 0.10 g XAMA-7 to about 
200 minutes at 0.08 g and firom about 260 nunutes at 0.06 g to about 300 minutes at 
0.04 g. 

At a given XAMA-7 crossiinking agent concentration the gelation time 
generally increased with increasing pH, but the increase was not great Nevertheless, 
20 none of the samples gelled within a reasonable time at pH 1 L All samples gave the 
shortest gelation time at a pH 6.4 to 8.0. 

These results show that the reaction between the sodium alginate and the 
XAMA-7 crossiinking agent can be controlled by the concentration of the reactants, 
as well as by pH. 

25 
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Example 10 

f-r^pcimUn fT Af Water Soluhlp. Pnlvmers W ith Varinus Crosslinking Agents 
Other crosslinking-in-solution experiments were carried out using different 
crosslinking agents and diffeitnt water-soluble polymers. The results are shown 
below in Table X. 



TABLE X 

rrnsslinking with Differen t rrnsslitikinp Agents 



Polymer 

PVA 
CS 



Glutaraldehyde 
pH2 

0.10/0.10 
precipitated 

0.20/0.20 
clear 



SA 



0.20/0.20 
pH4 
opaque 



XAMA-7 
pH2 

0.10/0.10 
clear 

0.20/0.10 
slight gel 
precipitated 

0.40/1.0 
precipitated 

0.20/0.10 
pH7 
opaque 

0.10/0.10 

pH7 
precipitated 

0.20/0.50 
pH7 
highly gelled 



Divinyl Sulfone 
pH 10 

not soluble 
clear 

0.20/0.20 
clear 



0.40/1.0 
precipitated 



Borate 
pH 8-9 

O.IO/O.IO 

floaters 

0.10/0.10 
clear 



0.20/0.20 
clear 



0.40/0. 10 
highly gelled 



0.10/0.10 
clear 



PVA = poly (vinyl alcohol) 
CS = chondroitin sulfate 
SA = sodium alginate 
Borate = boric acid H3BO3 

In the above Table X, the first number refers to the weight of the polymer 
and the second number to the weight of the crosslinking agent in g, e.g., the 
"0.10/0.10" in the upper lefthand column under Glutaraldehyde refers to a san^le 
comprising 0.10 g poly(vinyl alcohol) i.e., PVA, and 0.10 g glutaraldehyde. 

15 ml of tte polymer solution containing the stated amount was mixed with 
the stated amount of crosslinking agent at room temperature. The pH was adjusted 
to the value set forth in the table with either sulfuric acid or sodium hydroxide. The 
formation of a visible geUed structure was taken as evidence that crosslinking had 
occurred. 
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The data shows that the glutaraldehyde (pH 2) crosslinked the poly(vinyl 
alcohol) and the sodium alginate (SA). The SA, however, crosslinked to a greater 
degree than the PVA. The glutaraldehyde faUed to crosslink the chondroitin sulfate 
(CS). With XAMA-7, the CS gave a gel at the 0.20/0.10 ratio, a stiffer gel at the 
0.4QA).10 ratio, and an opaque gel at the 0.20/0.10 ratio at pH 7. In the case of the 
sodium alginate, strong gels were given at pH 7 at both the 0.10/0.10 and 0.20/0.50 
ratios. 

Tlie divinyl sulfone was insoluble in the aqueous poly(vinyl alcohol) at pH 
10 and did not give a gel. With the chondroitin sulfate, no gel was givra at the 
0.20/0.20 ratio, but a gel was given at tiie 0.40/0.10 ratio. The sodium alginate gave 
no gel at the 0.20/0.20 ratio; however, a gel was formed at the 0.40/0. 10 ratio. 

The borate crosslinking agent at pH 8-9 gave structures that floated to the 
top of the sample in the case of tiie poly(vinyl alcohol). It did not crosslink tiie 
chondroitin sulfate or the sodium alginate. 

Example 11 

F.f ferr of Othp.r Crosslinki n p Apents O n The Crosslinking of 
Water-Soluhle Polvme r Particles 

Other crosslinking agents tested include the carbodiimides and epoxide 
crosslinkmg agents. These investigations as in the previous example were made 
without tiie emulsion system. The results of tiie experiments are shown in Table XI 
below: 
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15 



20 



TABLE XI 

^rnr^-'-'^ f nifferent rmsf^linkinp Agents 



Polymer 


CHME-CDI 


PVA 


0.10/0.10 


clear 


CS 


0.18/0.18 


clear 




0.36/0.18 




dear 




0.18/0.18/0.05 




precii»tated 




0.18/0.09/0.05 




I»ecipitaied 


SA 


0.18/0.18 




clear 




0.18/0.09 




dear 



DMAPE-CDI 

0.10/0.10 
clear 



WpAyide. pH 10 



ECH 

0.10/0.10 
dear 

0.20/0.20 
clear 

0.40/1.0 
precipitated 



BDEP 

0.10/0.10 
clear 

0.20/0.20 
dear 

0.20/0.20 
dear 



0.18/0.09/0.06 
precipitated 

0.18/0.09 
clear 

0.18/0.18 
dear 



0.20/0.20 
dear 

0.40/0.05 
dear 



0.20/0.20 
clear 



0 18/0.09/0.06 0.18/0.09/0.06 
opaque, geUed opaque, geUed 

f-HMP rm - l-cvdohexy l-3- (2-rooipholinoeihyl) carbodiimide 
oKk^Dfi l?(3 ShylainnoprSpyl) -3-ethylcarbodunude 
ECH = epichlorhydrin 
BDEP - U 3-butadiene diepoxide 

15 ml of the polymer solution containing the stated amounts of the polymers 

were mixed with the crosslinking agents at room temperature. The first number 

designates the weight in grams of the polymer; the second number designates the 

grams of crosslinking agent Where athird number appears, this is the gram wcght 

ofl 5-diaminopentanedihydrochloride. 

Hie pH was adjusted with sulfuric acid or sodium hydroxide to 4 for the 

carbodiimides and to 10 for epoxide cicssUnking agents. The formation of a visible 
gelled stmcture was taken as evidence that crosslinking had occurred. 

As can be seen from Table XI. the poly(vinyl alcohol) gave clear soluuons 
With equal weights (0.10g) of *el.yclohexyW2^rpholinoethy^^^ 

(aiME.CDI)JX3-dimethylamino-propyl)-3-ethylcaibodmmd^ ^ 

l»driUcH),andl3-butadienediepoxide(BDEP^^ 
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hydroxyl groups of the poly(vinyl alcohol) are not sufficiently active to react with 
any of these crosslinking agents. 

The chondroiUn sulfate gave clear solutions with equal weights (0.18 g) ot 
the polymer and l-cyclohexyl.3-(2-moiphoUnoethyl)carbodiiraide, and when the 
weight of the polymer was doubled to 0.36 g, which indicated that no sigmficant 
crosslinking had occurred. When 0.05 g 1,5-diaminopentane dihydrochlonde was 
added along with 0.18/0.18. or 0.18/0.09, g of polymer/carbodiimide, the sample 
precipitated, indicating that crosslinking had occurred. Similar crosslinking was 
observed with the l-(3-dimethylamino-propyI)-3-etbylcarbodiimide. The 1.3-buta- 
diene diepoxide gave no crossUnking at the ratios used. The epichlorhydnn gave 
cross-linking at the 0.40/1.0 ratio but not at the 0.20/0.20 ratio. 

The sodium alginate did not crosslink with equal weights (0.18 g) of the 
polymer and H3-dimethylaminopix)pyl)-3-ethyl-carbodiimide. nor when the weight 
of the crosslinking was cut in half (0.09 g); however, upon addition Of 0.06 g U- 
diaminopentane dihydrochloride. the sample was crosslinked to an opaque gel. Tlie 
results were similar with l-cyclohexyl-3-(2-morpholinoethyl) carbodiiimde. Equal 
weights (0.20 g) of epichorohydrin and 1,3-butadiene diepoxide gave clear solutions, 
even when the amount of sodium alginate was increased to 0.40 g and that of the 
epichorhydrin was reduced to 0.05 g, which indicated that no crosslinking had 

occurred. _ 

Example 12 

P«. paration pf Mirms pheres Of Water-Soluble Polvmet 
R y Inverse Emuls ifi^-^t'"" Proty'^'' Of TnvCTtion 
Sodium alginate gel microspheres were prepared by using an inverse 
emulsification process. Table XH below gives the various recipes used in the inverse 

emulsification process. 

Typically, 0.60 g of sodium alginate dissolved in 30.0 g of water was 
emulsified in 30.0 g toluene which contained 0.30 g SPAN 60, a water-in-oU 
emulsifier (1.0% by weight). 

The samples were placed in 4 ounce glass botUes and shaken by hand to 
form the inverse emulsions of aqueous sodium alginate solution in toluene. The 
XAMA-7 crosslinking agent was next added to each botde. The bottles were then 
capped and tumbled end-over-end for 24 hrs. at 25'C. During this time, the XAMA- 
7 crosslinking agent reacted with the sodium alginate and microspheres formed. 
After the reaction was completed, excess methanol was added to dehydrate the 
sodium alginate microspheres, which were then filtered out from the water phase and 
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washed .in»s wid, m=«,ano.. Tl« ~> '"'"'^ ^ 

then dried in an oven for 24 hours at 15'C. 

Table Xn 

.>.-i p« far th,-. Pre r ii"i ii"" Mirrosphere? 

TS" 




R„ns S-04 and S-04B, »hich used the highest concentration of crossimlang 
a«nv rave spherical nucrosphen=s «ith a broad distribution of sizes The 
^pLs Lre stable and withstood drying a. VS'C o«might without d^toruon. 
?rlSn.dngreaetlonwasiudgcdt„heessen.ial,,con,pUtef,o,n 

balaJ. e.g.. in the case of Run S^B, ^ origin^ -gh. of ^ 
1^ plus d«. of the XAMA-7 c^sslinimg agent was 4.16 g, as cotnpar^ <o 
tTg L ^ recovered weight of d» nticrospheres. San^l« o, 
we« placed on tnicroscope sBdes, washed with med^ol to remove the SPAN 60 
rinined by opdcal microscopy. All the nucrosphetes were weU-*floed 
aJabLpdonof w^. Tbe microsph.,« of r™, swelled «> 

absorbed 63.6% water. 

He XAMA-7 crosslimdng agent concentration was increased at conswt 
sodiun, alginae concen^on ta Runs S^l, S^, S^3, and S-04. G«era^. 
<«»ical nucoscopy showed that both lat^e and small microspheres were obtamed^ 
tL larger oncospheres appears! to be wrinkled in app=an»ce, and only those 
Run S-04 appeared to be spherical. These results were interp«.ed as the result of d« 
^n of the XAMA-7 crossllnking agent with the sodium alginate to g«e gelled 

""^^Lium alginate concentration was inc«=«d at constant (high) XAMA- 
7 crosslinlting agent concentration in Run S-07 and Run S-08. These runs produ,^ 
thtle spheroidal rather than spherical in shape. The reason for the 
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• . heads is not actually known; however, possible reasons 

:;rr— ;^:;o.theor,.nal .verseemulsion .roplets or ^ 

— :r:rr«hco^^^ 

, no sodium alginate, gave no beads. It ^ve. instead, an emulsion ^^ch d.«p^ 
withinSOminutes upon standing. Apparently, tl. sodium algmate. " 
in only a small concentration, is necessary for the formaUon of a crosslmked 
Tetlol under these conditions. CondensaUon of the XAMA-7 crosslmlong agent 
by itself does not, apparenUy. give a similar crosslinked structure. 

'0 Example 13 

p...nic;f,c.tion of MixniT^s nf Sodium Alginate 
ipd MrthTl ^-"'il"^" rro^^linkpri Microspheres 

Qi-yp DiRtribution 

Table Xm gives the recipes and results for inverse emulsifications of sodium 
alginate and METHOCEL K4M methylcellulose mixtures usmg the XAMA-7 

crosslinking agent , ^^^no*; 

Typically. 50.0 g water containing 2.25 g dissolved sodium alginate and 0.25 
a methyl ceUulose (5% w/w sodium alginate/methyl cellulose) were dispersed m 
.0 75.0 g isooctane containing 1.5 g SPAN S5 in the one-half Uter ke«le Qe^ber 
disclosed, and stirred for 10 minutes. Tlien. 5.0 g water contammg 1.0 g TWEEN 
85 a general purpose water soluble emulsifier (a polyoxyethylene derivative of fatty 
ac^d partial ester of sorbitol anhydride) was added to the dispersion and the 
dispersion was stirred for another 5 minutes. An equivalent amount of the XAMA^ 
25 crossliridng agent or its aqueous solution was then added to the dispersion. The 
crosslinking agent was then allowed to react with the dispersed polymer droplets for 
180 minutes while being stirred, to crosslink the droplets. Then, 25 ml isopropanol 
was added to dehydrate and harden the microspheres formed. The stirring was 
continued for another 10 minutes, after which the mixmie separated into a clear 
30 supernatant layer and an opaque, white sedimented microsphere layer. The fUtration 
of the microspheres proved difficult; therefore, the supernatant layer was decanted, 
and the sedimented microspheres were washed twice by stirring overnight in a 
beaker with 200 ml isopropanol. Then, the microspheres were filtered easily on fflter 
paper and dried overnight at room temperature. 
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Table Xm 



Water Phase (g) 
Sodium Alginate 
Methocel K4M 
Water 

Oil Phase (g) 
Isooctane 
Span 85 

Emulsifier (g) 
Tween 85 
Water 

Crosslinking 
Agent (ml) 
XAMA-7 
Water 

Reaction Flask 
Run No. 

React. Time 
(min) 

Microsphere Size (%) 

a. >250um 

b. 250-212 um 

c. 212-150 um 

d. <150uin 




10 



2.25 2.25 
0.25 0.25 
50.0 50.0 



75.0 
1.50 



1.0 
5.0 



11.3 
50.0 



75.0 
1.50 



1.0 
5.0 



10.0 
50.0 



2.25 
0.25 
50.0 



75.0 
1.50 



2.25 
0.25 
50.0 



75.0 
1.50 



0.25 0.25 
50.0 50.0 



1.0 
5.0 



9.0 



1.0 
5.0 



9.0 



75.0 
1.50 



1.0 
5.0 



75.0 
1.50 



1.0 
5.0 



6.5 11-3 



C c c c c c 

^ ^ WA^ ^ ^ ^ 
m 120 180 ISO 180 



0.0 
0.0 
5.0 
93.8 



28.9 
1.5 
2.9 

66.6 



6.0 
1.4 
3.0 
90.5 



5.4 
0.0 
1.8 
92.5 



11.5 
0.0 
2.6 

86.0 



11.6 
2.9 
7.2 
75.0 



^ experiments show that crossUr^ed sodiutn ^^^^^^^ 
^ diameters mosdy stnaller ^ I^J^ ^J^n.^ 
reproducibly using isooctane as the conUnuous phase, SPAN 
agent, and XAMA-7 as the crosslinking agent. 

Example 14 

Sodium Alginate Microspheres Prepared By Inverse 
^„if,..t;.„ ..A rrosslinkedBx£alciumlQI« 

in this ex;;;ii~ ^^''""^ 

alginate toobtainacomparisonwiththeXAMA-7crosslinking agent. 
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a.0 (M Kiestan mi C. Bmte. Biottchnol. B.oe.g.19. 387-97 (1977)). 
lit sodium alginate soWon was inj=«ed into a 2% aqueous calaum chtonde 

an cmulsificadon in usual sense, bu, instead produced 
Tcrosslinking of sodiun, alginate by calciun, ions a. dte interf^ 
^ sodium alginate and calcium chloride ph^. In gene^l. '^ '^^1 
^CK^psules ^ a taoad disttibudon of sizes of 10-2000 m.aom«e,s diameter, 
i. was difficult .0 p«pa« smaUer mic^spheres of 0.1-200 m.cn>mete. 

diameter. 

For this example, sodium alginate microspheres were prepared by inverse 
emulsification and crosslinked with calcium ions, according to the method used by 
Wan etal..Proc.NUS-JPSSeminaron Recent Developments in Pharmaceuacs and 
Pharmaceutical Technology, 1990, pp. 243-55; ibid., J. MicroencapsulaUon 9(3). 
309-16 (1992), to encapsulate dmgs. The disclosures in these pubUcations are fully 
incorporated herein by reference. 

Table XIV below gives the recipes and results for these mverse 
emulsifications using calcium chloride as the crosslinking agent. TypicaUy. 50.0 g 
aqueous solution containing 2.25 g dissolved sodium alginate and 0.25 g 
METHOCEL K4M (5% wAv sodium alginate/METHOCEL K4M) was dispersed 
in 75.0 g isooctane containing 1.5 g SPAN 85 in different reaction flasks and stirred 
at 1000 rpm for 10 minutes. Then, 5.0 g aqueous solution containing 1-0 g TWEEN 
85 was added, and the dispersion was stirred for another 5 minutes. 25 g 8% w/w 
calcium chloride solution was added and allowed to react with the dispersed polymer 
5 droplets for 60 minutes. The microspheres were then dehydrated using the method 
developed by Ismail et al. (N.Ismail. M. S. Harris, and J. R. Nixon), J. 
Microencapsulation 1(1). 9-19 (1984), the entire disclosure of which is incorporated 
herein by reference, to dehydrate gelatin-acacia microcapsules, i.e. by stirring for 10 
minutes in 25 ml isopropanol, filtering, washing twice by stirring overnight in a 
0 beaker with 200 ml isopropanol, fdtering again, and drying at room temperature over 
night. 
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Table XIV 




Run No. 



cec 

W-06 S[rQ2 



15 



W-IQ 
2.25 



Water phase (g) 450 9.00 9.00 ^ ^5 

Sodium alguiate i.OO ^ 

MethocelK4M 2OO.O 200.0 
Water 

on phase (g) 150.0 300.0 300.0 75.0 

Isooctane ^30 6.0 6.0 
Span 85 

Emulaf: - — — 

Tween85 iq.O 20.0 20.0 



Emulsifier(g) ^0 4.0 4.0 1- 

Tween85 5.0 
Water 



Crosslinking Agent joo.o 100-0 ^0 

8%aq.Caa2(tiil) 2O 20 60 

Ad^tion Tinve (min) 

Dehydrating Agent (ml) 
Isopropanol 

Reaction Flask 

Reaction Time (min) 

Microsphere Size (%) ^ 2 11-2 5.60 

a. >250um ^O.^ 2.2 00 

b. 250-212um 3-3 5.4 0.0 



50.0 


100-0 


100.0 


25.0 


A 


B 


B 


C 


35 


45 


45 


90 



c! 212-150 urn 29.0 ^ 91.7 

d. <150 mn 

m results of these experiments show that the first run in reaction flask A 
.aveab^ad — ofmiLpheresiz^^ Only about one-third of the p^cles 

weresmalierthan ^^O tnic™ m di.^^^ ^ ^^^^^^ ^ 
The mns in reaction flasks B and C gave a nanowc 

than 150 micrometers in diameter. 
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The use of reaction flask A (round-bottom flask with a Teflon 
polytetrafluroethylene half-moon stirrer blade) and a shorter addition time, gave 
fewer microspheres smaller than 150 micrometers in dianneter and more 
microspheres of a diameter larger than 250 micrometers. Reaction flasks B and C 
both gave about 90% of the microspheres smaller than 150 micrometer m dianffiter, 
and for this reason are preferred over reaction flask A. Thus, the use of calcium 
chloride as the crosslinking agent resulted in the production of microspheres with a 
particle size smaller than 150 micrometers in diameter and a narrow size distribution, 
according to the stirring rate. 

By way of comparison, most of the microspheres crosslinked witii the 
XAMA-7 crosslinking agent and prepared in reaction flask C were also smaller than 
150 micrometers in diameter. The size, shape, and surface characteristics of these 
microspheres were also markedly affected by tiie stirring speed, and the shape of the 
reaction flask and stirrer. Thus, it can be seen tiuEt the results for calcium ion as the 
crosslmking agent arc roughly parallel to those of the XAMA-7 crosslinking agent. 
The addition of tiie calcium ion, however, is different from the addition of the 
XAMA-7 crosslinking agent which, for the best results, requires tiie variation of pH 
from pH 1 1 before and during emuisification to pH 7-8 after emulsification to 
achieve the desired particle size. 

Example 15 

ra paritv Of The Microspheres To Pas s Through a 20- or 22-Gauge Syringe 

In tiiis experiment, die capacity of tiie microspheres to pass tiirough a 20- or 
22-gauge syringe was determined. Generally, dried microspheres were dispersed in 
water and allowed to swell. 

Then, the aqueous dispersion was loaded into a hypodermic syringe and was 
forced out tiirough Has needle. Aqueous dispersions vwtii low sodium 
alginate/XAMA-7 ratios could not be extruded, whereas ttiose witii higher sodium 
alginate«AMA-7 ratios gave dispersions tiiat could be extruded into worm-like 
tiireads. It is generally desirable for tiie aqueous dispersion of microspheres to be 
extradable tiirough a syringe to form a long worm-like thread. 
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Example 16 

jinj}} nihrninn nf A. ^in^tPMicrosnheres With Vanning Conc ent 
»f Pmnkifier pH Hnring Crosslinking StSB 
in this example, the sodium alginate/toluene/SPAN 60 emulsification system 
was used to show the effect of pH on the variation of the mie of crosshnkmg. 
whereby to control the emulsification. If the crosslinking is too rapid, the 
emulsification might not giveasmall enough droplet size before the viscosity of the 
aqueous phase increases to a value too great for dispersion. 

Therefore, the emulsifications were carried out at a relatively high pH, such 
as pH 11- then, after the emulsion had been formed, the pH was lowered to 7. This 
approach allows ample time for the emulsification to be accomplished, yet provides 
rapid crosslinking once a desirable emulsion has been formed. 

Table XV below gives the recipes for these experiments and the results 

obtained: 
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Run No. 



Table XV 

c^;..^ Alginate ^.i^r».p>,.».. TT.inP X ftMA-7 ^nd SPAN 60 
S-36 SM S=4Q 



Water phase (g) 
Sodium alginate 
Water 


7.0 
100 


7.0 
100 


7.0 
100 


7.0 
100 


Oil phase (g) 
Toluene 
Span 60 


100 
1.5 


100 
1.0 


100 
1.0 


100 
1.0 


pH (using NH4OH) 


0.0 


inn 




9.0 


XAMA-7 (g) 


4.0 


4.0 


4.0 


4.0 


pH (using aq. HCl) 




7.0 






KCaCuOn llwK 


C 


c 


C 


C 


Reaction time (hr) 


5.0 


4.0 


3.0 


4.5 


Stirring rate (rpm) 


1100 


1100 


1300 


1000- 
1300 


Dehydrating agent 
(ml) 

Isopropanol 


100 


100 


100 


100 


Microsphere size 

(%) 

a. >250um 

b. 212-250 um 

c. 150-212 um 

d. <150um 


14.4 
7.4 
21.7 
56.5 


27.4 
10.1 
22.7 
39.9 


0.83 
2.00 
14.5 
81.4 


4.89 
1.99 
8.69 
84.5 



7.0 
100 



100 
1.0 



7.0 
100 



100 
2.0 



9.0 
4.0 

C 

4.5* 
1000 

100 



9.0 
4.0 

C 
4.0 
1200 



S-42 



7.0 
100 



100 
2.0 

6.4 

4.0 



C 

4.5 

1300- 
1500 



100 100 



1.87 4.28 

1.74 12.6 

36.1 15.0 

60.3 66.8 



5 * 20 g 8% calcium chloride after 2 hr reaction 

In Run S-36, 37% of the microspheres formed were larger than 212 
micrometers and 40% weie smaller than 150 micrometers. A higher percentage of 
microspheres smaller than 150 miciometers is desired; however, tiie microspheres of 
this sample were aggregated. In this case, the original pH of 10 was lowered by 
addition of hydrochloric acid. A white precipitate was formed, which was attributed 
to the precipitation of alginic acid by the hydrochloric acid. 

In Run S-37, the pH of the 7.0% aqueous alginate solution was adjusted 
from 6 6 to 9.0 with ammonium hydroxide. Similarly, the pH of Runs S-38 and S- 
15 40 was adjusted to 9.0. In Run SAO, the toluene and SPAN 60 concentrations weie 
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pH7,agLil«n.eoto„eho«r,spo.s».(SeeRu„No.5.7-l.TabteVI). 

Example 17 

.p.>..t;o T^ nf rros F ""^"^ AbinateParti cli 
' ^^.^ n^r^^ri^mf h I irirt-inr -yy^ ^^v'^ffi^r Mixture 
AS *e XAMA-7 crosslinking agent proved to be somewhat soluble m 
toluene it was decided not to use the toluene/SPAN 60 system m furthe 
:^^Lnts. — e, .other system using isooctane ^^^^rJ^^TZ 
SP^ SSnWEEN 85 emulsifier mixmre was substimted. Table XVI gwes the 
recipes and results for these experiments. 
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g»^intn Alginate 

Water phase (g) 
Sodium alginate 
Methocel K4M 
Water 



Table XVI 

W-21 ^L21 



W-20 



2.25 
0.25 
50 



2.25 
0.25 
50 



Oil phase (g) 
Isooctane 
Span 85 


75 
1.5 


75 
1.5 


Emulsifier (g) 

Tween85 

Water 


1.0 
5.0 


1.0 
7.0 


Crosslinking agent (g) 

XAMA-7 

8% CaClj soln 


25 


1.5 
10 


Reaction flask 


C 


C 


Reaction time (hr) 


4.5 


4.5 


Stirring rate (rpm) 


2000-2500 


1 100-1500 


Dehydrating agent (ml) 
Isopropanol 


25 


25 


Microsphere size (%) 

a. >250 um 

b. 212-250 um 

c. 150-212 um 

d. <150um 


0 
0 
0 
100 


10.3 
3.0 
9.4 

77.3 


As seen from Table XVI, Run W-23 gives 



4^0 
0.50 
50 



150 
3.0 



1.0 
7.0 



5.0 

C 
4.5 
1000-1500 

70 



W-30 



4.50 
0.50 
100 



150 
3.0 



2.0 
1.0 



50 

E 

3.0 
1000 

100 



0 

2.5 
5.0 
92.5 



15 



experiments. The droplet sizes were cnecKca oy opuc«u ..^^.^^^t-j . 

Droplets of the desired size (smaller than 150 micrometers) were observed in aU 
steps up to the addition of isopropanol, which was intended to stop the crosslmkmg 
reaction This addition increased the viscosity to the point where it became difficult 
to stir the reaction mixture after about 20 mmutes, at which point the sample 
appeared to be coagulated. When diluted with water, the sample showed the presence 
of microspheres. 

Table XVI shows the results of using a ciossUnking agent compnsmg a 
mixture of calcium chloride«AMA-7. Run W-21 demonstrates that such a mixed 
crossltoking agent results in 77% of the microspheres being smaller than 150 
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in shape. ^ -q along with the use of 

,„ conuas. U« higher ^^'^^^J^^^ seller 
calciam chloride as *e «.le c«»slmkmg agent, gave 100 

^ .50™.— *'"*^n'^R:rwrrw.2.. sha^ 

rTPneraUv as can be concluded from Runs w zu dii 
.asJ?— oftheoUerospheres^e^ae— h,.hes.i™g«^^^^ 

and size ois as weU as the dispersing agent In these two 

design of thereacuon flaskand s^. a^^ 

Runs, as well as in Run W-23, the sumng 

during the emulsificauon and crossiinKing. i lu 

. Jg.tesshowninTableXVIforRunsW-20,W- U^^^^^^ 

THis expense, r^at«l^^^^^ r: : -^^ ^ 
results aie shown in Run W-SO m ^ ?^ microspheres of 

„ stimng — ^^tr ^^^^^ a dlLeter of 

crosslinked sodium alginate/MEIHOCEL K4M prea 
less than 150 micrometers when using calcium ion as the crosshnking age 
less than idu im tWEEN 85 as the emulsifying agent, 

isooctane as the continuous phase, and TWiifciN 

Example 18 

yfy<^\. r^lrinm Ton Y AMA-7 

^crosphces crosdinked wi* and covalea. bonds. Table XVn gives 

30 results of these experiments. 
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Table XVn 





B 






Caa2 


XAMA-7 


CaCl2 


CaC\2 


W-30d 


S-58d 


W-30d 


W-30d 


0.15 


0.15 


0.15 


0.15 


5.0 


5.0 


5.0 




5.0 


5.0 




5.0 



Crosslinking 
Agent 

Preparation Run 
Microspheres (g) 

5% EDTA soln. 
(g) 

2% Saline soln. 
(g) 

Beads almost 



No 



Beads almost 



room temp.; wim al^a«lcg^alw ^ to viscous 



No 

disintegration 



-P^o. RU.S W-3« ... »I« U. °' ™aosp1»«-^F^^-30 ^ S.5S 

that ^were smaller than 1 50 nucrometers 

Mic,osphe«scros^»i*calc,«n.cH<»ide(RunsW.3M) XM^- 
7 (R™ S.58d) w« ^ in 5% emylcn«iianM«ac=ac =cid (EDTA, and 2% 
aTlLi.^ (Naa) sotauc a». aHov^d «> smd for 18 hours 

After an additional 18 hours a. room tanperaure »ith sdmng, the 
„ic,osph«« crosslinked vrith caldam chloride continued to disin.cgra«=, whereas 
a«»aossliitod with XAMA-7 remained ii.tegial»itho«tdrstort.on. 

toseparate expetitr^ts using the EDTA soluuon and sahne soluu™.*^. 

the nncrospheres cosslinked with calcium chloride disintegrated m the EDTA 
lron.,^no.in.hesaUnesol«Uo„.Thusatistheco,nplexingoftbecatau.n,<»^ 

by theEDTAthatresultsmthebrealdng of the crosslinks and the drssoluUon of the 

Tnicrosnheres The saline solution had no such effect 

the nticrospberes crossUn^ ^ 
distategration in EDTA solution or saline sotation under the same cond.tK.ns. These 
^:Cns.ra.etha.thecovalenthonds,esultingfron..heXAMA.7 crosshnicntg 
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agent were more stable than the ionic bonds resulting from the calcium chloride 
crosslinking. 

Example 19 

p«.p.r. Tinn nf Aqu" ^"'^ nkp^rsions of Protein Particles 
rmsslinked r,liitaraldehvde 
In this example, aqueous dispersions of crosshnked particles of bovine 
serum albumin were prepared. 

1 0 g bovine serum albumin was dissolved in 0.1 M sodium acetate buffer 
(pH 7 8) and 0.5 g glutaraldehyde was added to detemiine if the bovine serum 
would be crosslinked by the crosslinking agent; the crosslinking action occurred 
immediately upon addition of the glutaraldehyde. 

Then, 1.0 g bovine semm albumin was dissolved in 8 g buffer soluUon. and 
20 g 25% glutaraldehyde was added after emulsification in 20.0 g o-xylene 
containing 5% PLURONIC L92, a commercially available non-ionic propylene 
oxide/ethylene oxide block copolymer emulsifier from BASF, having an HUB of 
1 0-7 0 -me crosslinking agent was aUowed to react with the emulsified bovme 
serum albmnin droplets for four hours at room temperature. The emulsion was then 
inverted in 400 ml water containing 0.5% AEROSOL A-102 welling agent 
(disodium ethoxylated alcohol half-ester of sulfosuccinic acid) available from 
American Cyanamid Co. 

Example 20 

Pre paration of w».r.>r-Tn.nil Disfvrsion of Crpssljpked 
P^icles of Bovine Serum Albumin 
In this example, 3.0 g bovine serum albumin in 15.0 g buffer solution 
(sodium acetate pH 7.8) was emulsified in 60 g o-xylene containing 5% 
TETRONIC 1102, a commerciaUy available ( BASF ) waier-in-oU emulsifier, HLB 
6 5 which comprises ethylenediamine tetrasubstimted with propylene oxide/ethylene 
oxide block copolymers with 20 moles propylene oxide and 10 moles ethylene 
oxide ThisemulsionwasthenultrasonifiedwithaBransonUltrasonifier (50% duty 
cycle; setting 7; 1 min.). Afterwards, 6.0 g 25% aqueous gluraraldehyde soluuon 
was added to crosslink the bovine serum albumin droplets in the water-m-oil- 
dispersion. 

The result was a dispersion of submicroscopic crosslinked bovme serum 
albumin particles dispersed in the continuous o-xylene phase. 
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Exan^le 21 

P«. p:,ration of A gn^'n.iQ nkoersion of Cro$slinke4 
PaTticlesofP ^v^n'' -^erum Albumin 

6 g bovine serum albumin in 15 g buffer (sodium acetate pH 7.8) was 
emulsified in 60 g o-xylene containing PLURONIC L92 emulsifier and crossbnked 
with 8 g 25% aqueous glutaraldehye solution added after emulsification. This w^- 
i„-oil dispersion of crosslinked bovine serum albumin particles was then mv^ m 
400 ml water containing 0.5% TRTTON X-K)5. a commercially available 
octylphenoxy polyethoxy ethanol surfactant (Union Carbide; HLB 17.9) 

TTie result of the inversion was a dispersion of crosslinked bovine serum 
albumin particles dispersed in water. The o-xylene continuous phase and water 
phase were immiscible and were easUy separated from one another. Afterwards, the 
colloidal stabiUty of the particle dispersion in water was tested, as described below. 

The aqueous dispersion of crosslinked particles of bovine serum albumm 
was washed with buffer and then centrifuged twice, in a conventional SorvaU 
laboratory centrifuge. Afterwards the aqueous dispersion was tested for stability m 
aqueous sodium chloride solution. The dispersion showed good stability in 0. 15 M 
sodium chloride, formed only a little coagulum in 0.30 M solution, more coagulum 
in 0 60 M solution and flocculated in 0.90 M solution. These results indicate that the 
bovine serum albumin dispersion is a lyophilic colloid rather than a lyophobic 
colloid, which generally have critical coagulation concentrations of about 0.1 M for 
monovalent cations. Transmission microscopy showed that the crosslinked particle 
size is from about 5 to about 8 micrometers. 

Example 22 

Vff^rt of Croi ^cltnkiTi p Concc n^tion Tn Thff Formation of 
fr qn>>^T.s DisDery i^n' ftnv^ne Senim Albumin Particles 

The effect of crosslinking concentration in the preparation of aqueous 
dispersions of crosslinked bovine serum albumin particles was determined by 
varying the glutaraldehyde concentration. 

10 g 20% bovine serum albumin was emulsified in 30 g o-xylene containing 
approximately 5% TETRONIC 1102. The emulsion was ultrasonified (setting 5; 90 
sec) and the glutaraldehyde was added to a concentration of 5, 10, 15, or 20% 
weightAveight, based on the bovine serum albumin. The crossUnking agent m each 
of the emulsions was then allowed to react for 12 hours at room temperature. Then, 
the emulsions were each inverted in 200 ml water containing 1% TRITON X-405. 
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dUpe Jns »«e to each cleaned by s«un. replacemen. «h «a<cr ccnu-mng 50 
ppl fonnaldehyde (.o preven. b^al gro«*) and exan^ by ™- 
Lron microscopy. In seram rcplacem«>t. the dispersion or lalcx rs confined in a 
„„ ^ a semipenneable mentane, and pure wattr (or a soloUon) ^ pump^ 
dirough *e reU to litetnUy replace the senM, with the water (or solution) Tlte net 
effect is to tetnove any dissolved nu«eHa) in the aqueous phase, as «ell as any 
^actan. adsorbed on the particles. Nuclepote n»mbran=s, «hich have a 
unifonn subnncroscopic pote si» an: used. resolunon o 

scparauon is good enough to tenK-vc the adsorbed and so ute surfac^ 
qlutadvely. Each of the dispersions comprised discrete polymer partK^les 
dispersed in water. 

Example 23 

rrrrnnti-Ti ^T^"- ni.persions_ofCm§sli^^ 
/^f j^nman Gamrn a-Globulin 

In this eKample. three experiments were conducted to obtain aqueous 
dispersions of crosslinked human gamma-globuUn particles. First, the rate of 
crosslinking of human gamma-globuUn was detennined. 1 g human g^- 
globuhn was dissolved in 10.5 g water, and this solution was then m^ed with 6% 
and 12% aqueous glutaraldehyde solutions by weight, based on the -e,gh «f 
gamma globulin. CrossUnking occurred within 30 seconds after the addition of the 

crossUnking agent. , r ^ ■lo o n. 

•men. 1 g human gamma-globuUn in 10 g water was emulsified m 30 g o- 
xylene containing 1.5 g TETRONIC 1102. This water-inK,il dispersion of droplets 
of human gamma-globulin was then mixed with 0.24 g of 25% glutaraldehyde 
solution. This dispersion, when inverted in 400 ml water contammg 0.5% 
AEROSOL A-102, coagulated. , . • 

7 8 g 10% aqueous human gamma-globulin solution was emulsified m 15 g 
o-xylene containing 0 .75 g TCTRONIC 1 102. This emulsion was then ultrasomfied 
as before and 0.17 g of 25% glutaraldehyde was added. The emulsion was then 
inverted in 150 g water containing 0.75 g AEROSOL A-102. 

20 g 10% human gamma-globulin aqueous solution was emulsified m 60 g 
o-xylene contaming 3 g TETKONIC 1102, after which the pulsion w^ 
ultrasonified, as earUer disclosed. During this time 0.8 g of glutar^dehyde (25% 
aqueous solution) was added to crosslink the human gamma-globulm droplets 
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polymer particles in an aqueous dispersion. 

Example 24 

P^r-> r>'»» r.ross»nlr..1 P'^r riHe^ of Vluma^ Qamia: 

and then e^lsffled in 30 g 0-xyta.e coMauung 1-5 g f ^"'"f''" 
emulsion was ,d,«s<Hufied, as bef«e described. Le.. setdng 5; 1 mm. Tl>e«, 0.6 g of 
^laidO^e soiuuon was added, and *e s^le was ™b,ed e™..ver^ 
or 12 horns a. In »mperan«. in a capped l>«tte. The emulsi«, d» m^ 
, " 300 ml wa«r containing 3 g TOTON X^5. The o-xylene was th» stnpped « 

bdow 20-C .0 ^ aggregation o, U« pa-icles. m a,u^ 
dis^i^,, When cleaned by setum .epl^men. in conven^onal mam,., con^ 
J^gates of .he hmnan gantma-gKMn partdes, which was ahnbuted .0 the k». 
p^anyeven.af.ers=nM.»p.acement,.hepar,ideswe«seentobeagg,e^^ 
In ™w of the above, the experiment was repeated except that fte 

concentration of glntaraldehye was doubled and the pH was -J-^ «> 
addition of sodium bicartonate buffer. The dispersion was then inverted and cleaned 
by senun replacement with 0.1 M sodium acetate buffer <pH 7.8) at temperances 
below 35-C to prevent aggregation. The result was that the particles wen> 

25 aggregated. . 

Human ganuna-globulin (2.5%) aqueous dispersions were also prepared in 
borate buffer (pH 8.-8.7). Only part of the human gaimna-globulin was soluble m 
the borate buffer ai 2.5% concentration. 

1 g human ganuna-globulin in 9 g buffer (pH 8.4) was emulsified in 30 g o- 
30 xylene containing 1.5 g TETRONIC 1102. The emulsion was ultiasonified as 
before (setting 3:30 sec), and 1.0 g of 25% aqueous glutaraldehyde added. Tbe 
crosslinking reaction was carried out for 19 hours at room temperanue. The 
dispersion was then inverted in an excess of 1% TRITON X-405 solution and 
agitated for 3 hours. The o-xylene was then stripped under vacuum and the 
35 dispersion was cleaned by serum replacement with borate buffer (pH 8.4). As wdl 
be appreciated by those skilled in the art, significant dilution is necessary for 
distillation of the o-xylene/water azeotrope from the dispersion. 



PCT/US98/26094 

WO 99/31167 

49 

^ ^ ^a-globuUn p»iC« ^ also — "^^^^'^ 

hun«»Eamm-g'cW»a*--»''«'-"''',rl"25* aqueous solu^on) for 
BCD. aossU^tog ag«,. and ^ ^^^'1 "Lugh U» P«cipita.o was 
comparison. A visible ptecipiune fonned m «^ case. alU. 
s^ewhacdifncolttoseeinftelowconce^ ^ 
Other TETRONIC waler-mH,,! jjj^a 150R4 (HLB 

BASF, such as TETRONIC 90R4 (HIB 7.1), '""^J^^'^ „ heU^ed » 

5.4), were alsomeA-n^se en-n.sif.ers "»,'^- °« '^J^,^., p^rtons, 

he block copolyn^rs of propylene oxidc/eftylene o^<te of van^g 

TPTRONIC 1102. These emulsifiers. however, wwc 

similar in structure to TETRONIC UO.. ^^^^ TETRONIC 

not to be as effective in these emulsions as TETRONie. 

90R4 was found, moreover, not to be soluble in o-xylene. 

Example 25 

^ r (tM 6 95^ was tried as the medium for the 
Phosphate buffered salme (pH 6^95) 

emulsification of human i^^f^^' ^ ^^^^ ,_,.,,„..iin ^ 
„ globulin was soluble in this buffer. « ^ ^^^J^ ^ 

phosphate buffered saline was J^/^ ^.^L mi^^^ 

TCTOONIC 1102. Tl.e emulsion was ultrasomfied as befo ^ 
g of ECDI crossUnking agent, m mixture was agitated for 4 days aft 
Lulsionwas.vertedin400gphosphatebuffers^ec^^^^^^^ 

X^05 and the (^xylene stripped, to give an aqueous dispersion 

human gamma-globulin particles. 
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Example 26 



other latexes were preparedusing 10g3.5 % human gamma-globuUn in 30 

, T nc S% TETRONIC 1102 and 0.035 g ECDI; 3 g 10% human 
g o-xylene containmg 5% TElKUNii. iiu^-» e -jt? tptroNIC 

, u V ««tv, n 035 2 ECDI in 10 g o-xylene containing 5% TETRONii- 
gamma-globulm with 0.035 g ECDi m lug y containing 5% 

1102; and 3 g 10% human gamma-globulm m 10 g o-xyiene 

xPTRnNTC 1 102 with 0.06 g ECDI. 

CLu^^s gave ^ueousdispersions of cross^ed human gannna- 

globulin particles. 
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Example 27 

T^;,.^^K„t;n p. nf Particl e ^^^^-^ rmsstinked Microspheres 
Pr ^ared Frnni Various W ^tyy.«;nlnh1p. Polvmers 

In this example, crosslinked hydrophilic particles were prepared from 
hydroxyethyl ceUulose. poly(vinyl alcohol), chondroitrin sulfate, and other water- 
soluble polymers. Table XVm gives the results for hydroxyethyl cellulose. 



Table XVm 



Run No. 


HOC-Ul 


CO 


-03 




Water Phase (g) 
HOC 
Water 
pn / o 


7.0 
100 
7-8 


7.0 
100 
7-8 


7.0 
100 
7-8 


7.0 
100 
10-11 


Oil phase (g) 
Span 60 
Toluene 

XAMA-7 (g) 


1.0 
100 

4.0 


1.0 
100 

4.0 


1.0 
100 

4.0 


1.0 
100 

4.0 


Dehydrating agent (ml) 










Methanol 
Isopropanol 
Reaction flask 
Stirring rate (rpm) 
Reaction time (hr) 


100 

C 
1000 
19 


100 

c 

1000 
14 


100 
C 
1000 
18 


100 
C 

1000 
22 


Microspheres (%) 

a. >250 um 

b. 212-250 um 

c. 150-212 um 

d. <150um 




7.50 
2.3 
1.8 
88.7 


19.5 
5.9 
29.7 
45.0 





HOC - hydroxyethyl cellulose 

The hydroxyethyl cellulose was dissolved in the water, and the pH of the 
solution was adjusted to 7-8. The SPAN 60 was dissolved in the toluene, and the 
solution was used as the continuous phase for the emulsification of the aqueous 
hydroxyethyl cellulose solution. The emulsification was carried out untfl the 
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»d spbencal. and no. ute^lar i» *Bpe, wi* a p,epond.«nce of 
U,an 150 mi=ton««s dia„««r. as ■n»ni,or«i by opUd m.c««opy. A. pH 7. 
™ssltaWngrcacto(XAMA-7)occuir=d rapidly at Tomt^ 
, ^LhOC-OI.^ bead. ^ga«d upon ad^tton of fl»n«d»oU» 

\, L in Table XVm isopropanol was used as the dehydmng agent. This resulted 
"■T™ r^—s o, the stated si« ranges. OeneraUy. however, the 
.nicospheres were no. as perfect as those made from sodium algmate. 
10 Example 28 

m i-nnli-r r^^—""''"' WaBT-Soh.hlePwti.;les 

U ^ experiment, oU»r water-soluble ■"'V™'' ."^f ^^""^ 
wifl, de— g effect of h« and a ca«lys, ™* *e crosslmkmg ageru^ 
Zlu are shown in Table XK below, b. gener^ d« procedure was: a) the 
Zl^oLwa^r-solublepolymerh. water, aK,ng wid, the crosshnlcmg ^ 
t^^lficaaon of dus so.«ion in a c„nti™.ous oil phase contaimng a wa,e»n-od 
llfier, c, homogenizadon of ^ emulsion by sdnin^ "^^^^^ 
homogeoi^tion-, d). heating of dte emulsion to effect crosshnkmg, e). and mv^»n 
t^Ilulsion into water to transfer the crossiinked pardcles to d» aqueous phase. 
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Table XK 



Run No. 
Polymer 
Weight (g) 
Water (g) 
Glularaldehyde 

o-Xylene (g) 

Span 60 (g) 

Tetronic 1102 ' 

p-Toluene (g) 
sulfonic acid 

Inverting 
emulsifiers 





nf Water- 


S/>V'Wp PnlvmeR 








101 




103 


105 


106 


m 


1 HQ 
lUo 


109 


PVP 


PVP 


PVP 


PVA 


PVA 


MC 


PVA 


rVA 


1.0 


1.0 


2.0 


2.3 


6.0 


3.0 


6,0 


3.0 


19.0 


19.0 


18.0 


20.2 


27.0 


36.0 


25.5 


33.0 








2.5 


7.0 


3.0 


7.0 


3.8 


20.0 


20.0 


40.0 


22.5 


40.0 


40.0 


43.2 


18.0 


1.0 


0.2 


1.0 


















2.5 


4.0 


4.0 


4.8 


2.0 



1.0* 



l.O" 



2.0* — 



1.0 



1.0 



0-5 0.3 
X-405 X-405 



10 



airunonium persulfate 
X-405 -Triton X-405 . x^w^finmo 

MC . mSccI KWhydroxypropylmethyl cellulose 
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pun No. 

Polymer 

Weight (g) 

Water (g) 
Glutaraldehyde 

o-Xylene (g) 

Tetronic 1102 

Pluronic L92 

Aerosol OT 

p-Toluene 
sulfonic acid 

Inverting 

emulsifiers 



m 

MC 
2.0 
31.5 
4.5 
18.0 
2.0 



53 

ill 112 
PVA PVA 
5.0 5.0 



15.0 
1.0 

97.2 
10.8 



15.0 
1.0 

45.0 
5.0 



0.25 0.25 

X^05 SLS 
SLS 



0.8 
SLS 







115 


115 


112 


MC 




PVA 


PVA 


PVA 


2.0 


2.0 


U-O 


3.0 


6.0 


29.5 


21-U 




29.3 


57.0 


2.5 


0.5 


U.J 


0.5 


1.0 


153.0 


52.3 


m A 
19.U 


57.0 


97.0 


17.0 


0.25 




3.0** — 




2.5 






3.0 






1.0* 






1.0 


0.1 


0.05 


0.2 


0.3 



SLS 



X-305 X-305 
A-102 A- 102 
SLS 



20 



crosslinldng agent to crosslink the PVP. 

T„ Run 101 a 5% aqueous solution of poly(N-vinyl pyrroUdone), contaimng 

ID o-xylene. The emulsion was, ^ _ „ ^. 80°C Upon inversion 

Run 102 by coniMnson used a 5% aq«ous sol 

sotatio. being m=d rafter to 5% of '01- 

(50% duty cycle: setdng 3; Inun.) and hea«d for 30 nurw a. 80 ■^"^ 

v^yvisls emulsion d.a,conldn«V«inv««d.Tb=v,scous emulsion wasbebeved 

to be due to the lower concentratioa of SPAN 60. 
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Run 103 used a larger batch size and an intermediate concentration of SPAN 
60, i.e^ 2.5%. The emulsion was hand-homogenized (two cycles) to reduce the 
droplet size to about 4 micrometeis, stirred at 236 rpm using a conventional 
laboratory stirrer and heated at 80°C for 30 minutes. When inverted in water, the 
emulsion separated into two layers, the lower of which appeared to be a gel of the 4 
micrometer diameter crosslinked particles. 

In Run 105, an aqueous sohition of poly(vinyl alcohol) was prepared and 
emulsified in o-xylene containing TETRONIC 1102 emulsifier. This emulsion was 
mixed with the glutaraldehyde crosslinking agent. This system failed to react after 
1.5 hours at 70°C. When 1.0 g p-toluene sulfonic acid in 11.0 g water was added, 
however, to 6.0 g PVA dissolved in 28 g of 28% glutaraldehyde, a rapid reaction 
occurred when the mixture was heated to 40°C. Similar experiments using 
methylcellulose (instead of die PVA) with glutaraldehyde crosslinking agent, and p- 
toluene sulfonic acid and hydrochloric acid catalysts, gave a brown color but no 
discernible particles. Run 106 used PVA as the water-soluble polymer and 
glutaraldehyde as the crosslinking agent, with p-toluene sulfonic acid as a catalyst. 

Run 107 used methyl cellulose (Dow METHOCEL K4M) as the water- 
soluble polymer and glutaraldehyde as the crosslinking agent, catalyzed with p- 
toluene sulfonic acid. The reaction was conducted at room temperature. Water was 
removed from the emulsion by distillation of the o-xylcne/water azeotrope, and an 
additional 61 g o-xylene was added to the emulsion. This resulted in some 
flocculation. The emulsion was then inverted in water to form a dispersion of 
crosslinked methyl cellulose particles in water. 

Run 108 used PVA as the water-soluble polymer and the same crosslinking 
agrait and catalyst as in Run 107, the later being added to the aqueous solution i»ior 
to emuisification. The PVA crosslinked within 4 minutes after addition of the 
catalyst The final particles were soft, and stuck to each other and the nwtal sphere 
for grinding. The emulsion was inverted in 500 ml aqueous TRITON X-405, and 26 
ml o-xylene was removed by distillation. Some flocculation of the particles occurred. 

Run 109 used PVA and the same crosslinking agent and catalyst as in Run 
108. The glutaraldehyde and the p-toluene sulfonic acid were mixed together, and 
the solution was emulsified immediately thaeafter. Therefore, the crosslinking 
reaction was somewhat con^jetitive with the emulaficadon, and some crosslinking 
would have been expeaed along with the emuisification. A magnetic stirring rod was 
used to mix the sample. Although a magnetic stirring rod was effective in making the 
emiilsion, those skilled in the art wiU readily appreciate that such is not capable of 
fine variation. The crossUnking reaction took place within 10 minutes. An additional 
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40 g o-xylene was added, while the o-xylene/water azeotrope was being distilled off 
die emulsion. The final emulsion was inverted in 300 ml 10% aqueous TRITON X- 
405 emulsifier and 500 ml 1% aqueous sodium lauryl sulfate, a high-HLB 
emulsifier, used to invert the water-in-oil emulsion. The emulsion inverted but with 
some flocculation of the crossUnked particles. 

In Run 110, methyl cellulose was used as the water-soluble polymer. The 
crosslinking agent was glutaraldehyde and p-toluene sulfonic acid was used as a 
catalyst, these being added to the aqueous solution prior to emulsificauon. THe 
polymer solution was emulsified in the oU phase immediately after addition of the 
glutaraldehyde and p-toluene sulfonic acid. This very viscous, i.e., hard to pour, 
solution was dispersed in the o-xylene using a conventional band-homogenizer. 

Crosslinking was judged complete within 2 hours at room tempeiamre after 
addition of the catalyst and crosslinking agent. The emulsion was inverted m an 
aqueous solution comprising 200 ml 15% aqueous TRITON X-405 solution and 
200 ml 1% aqueous sodium lauryl sulfate solution. Hocculation occurred dunng 
this inversion. No particles were seen by scanning electron microscopy. 

Run 1 11 used PVA as the water-soluble polymer and the same crosslinking 
agent and catalyst as in the previous run. The crosslinking agent and catalyst were 
added before the emulsification and mixed by ultrasonification. When 30 ml of the 
water-in-oil emulsion were inverted in 270 ml 1% aqueous sodium lauryl sulfate 
solution, and the o-xylene/water azeotiope was removed by distillation, the lesultmg 
water-in-water emulsion showed no particles by scanning electron microscopy. By 
comparison, when 20 g of the water-in-oil emulsion was stirred with 1.0 g p-toluene 
sulfonic acid for 30 hours at room temperatore no crossUnking occurred, this bemg 
shown by the lack of particle formation. Nevertheless, when the waier-in-oil 
emulsion was heated to 50"C crosslinking occurred, as was confirmed by tiie 

presence of particles. 

Run 112 used 20 g 20% PVA and 16 g 25% glutaraldehyde with 4 g p- 
toluene sulfonic acid catalyst emulsified in 50 g o-xylene containing about 5 g 
TETRONIC 1 102. This emulsion was heated at 40-C. When the catalyst was added 
before the emulsification. the water-soluble polymer solution became very viscous 
and could not be stirred. Nevertheless, when tiie catalyst was added after the 
emulsification, foUowing the emulsion being rotated end-over-end in a capped botde 
for 30 hours at room temperatore, crossUnking occurred, as evidenced by the 
formation of beads. When the emulsion was inverted in 800 ml 1% aqueous sodium 
lauryl sulfate solution, it formed a precipitate, which was redispersed m the waier 
with a hand-homogenizer. 
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Run 1 13 used 10 g 10% methyl ceUulose solution and the 
„oss™entandcI.yst as the — -^--^-^^^ 
was emulsified in an oil phase comprising o-xylene and ^^^^^"^l;^ 
emulsifier. Tl.e emulsion was stripped according to ""J" 
remove,heo-xylene/waterazeotrope(25gwater and 55 g of the o-xylene). 30 g^ 
Z emulsion, Lerted in 300 ml of a 1% sodium lauryl sulfate sol->n s^w^ 
Uttle sign of reaction. Another 100 g sample of the emulsion was mv^ m 900 id 
0 5% sodium lauryl sulfate with similar results. This run was repeated using 20 g 
10% methyl ceUulose, 10 g 25% glutar^dehyde and 5 g 20% P-^o^-- ^^^^^^ 
, catalyst solution emulsified in 170 g o-xylene conunning 10% TETRONIC im 
The emulsion was homogenized twice in a conventional hand-homogemzer. The 
emulsion was still stable after 20 ml water was stripped. The crosslinking ruction 
was carried out by mmbUng the emulsion in a capped bottle end^ver-^nd for 24 
hours at 40'C. The polymer precipitated, and the solution became clear, this 
5 occurring before inversion as in the previous part of this Run 1 13. 

In Rmi 114, 20 g 10% poly(vinyl alcohol) (VINOL 124; MW 90M) 
solution, 2 g 25% glutaraldehyde, and 0.5 g 20% p-tol«ene sulfonic acid solution 
was emulsified in 50 g o-xylene containing 5% PLURONIC L92. Some coagulum 
was fomied after 12 ml water and 28 ml o-xylene was stripped. The emulsification 
.0 was also earned out in 50 g o-xylene containing 5% ^TRONIC 1102. This 
emulsion fiocculated after 18 g water was stripped and the emulsion was shaken m a 
conventional Red Devil Paint Shaker. 

Run 1 15 used an aqueous water-soluble polymer solution (8 g 10% PVA), 2 
g 25% ghitaraldehye solution, and 0.2 g 25% p-toluene sulfonic acid solution 
25 emulsified in 20 g o-xylene contaming 5% AEROSOL OT (the dioctyl ester of 
sodium sulfosuccinic acid), commercially available from American Cyanamid. In 
this Run, the emulsion was formed and then the catalyst was added. The polymer 
emulsion droplets were crosslinked within 30 minutes after the catalyst was added to 
the emulsion. The emulsion flocculated, however, after being shaken in a Red Devfl 
30 Paint Shaker. Other emulsifications, carried out in o-xylene containing 5% 
TETRONIC 702 ( BASF; HLB 1.0-7.0, beUeved to be a propylene oxide/ethylene 
oxide block copolymer ) with the catalyst added after emulsification. also gave 
flocculation. TETRONIC 1102 gave a stable emulsion with only a Uttle coagulum, 
which was inverted in 500 ml 0.5% sodium lauiyl sulfate solution. PLURONIC L92 
35 gave a stable emulsion with only a little coagulum, which was inverted in 300 mi 
0.2% sodium lauryl sulfate solution. 300 ml 0.2% TRITON X-305 solution, or 200 
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^ 04% AEROSOL A-.02 so,«io„. ^ °» 
:irOL^Savea — .ofo™an,a.^r^V-^ ^^^^^ 

,1^ r, ift% PVA aqueous soiuuon, -6 s &• 
In Run 116, 30 g 10% fVA ay ^^^^^^^ 
«H 1 a 10% D-toluene sulfonic acia dquw 
aqueous solution, and 1 g 20^ P; tETRONIC 1102. The water was 

emulsified in o-xylene (60 g) CrossUnldng of the 

stripped from the emulsion, pnor to the '^J' I , capped 

polymer emulsion droplets was earned ^^^^"^^ ^verted 
.ottleend-over-end for 12 hours at ^^^^^^ ^^^^^^ ..t was 

,„800ml0.2%I1^O™or^R^^^^^^^ ^^^^^ 
„ aspersed by ultrasomfi<^on (Branson 13^^ ^^^^^^ ^^^^^^ ^ ^ ^3^^ 

emulsifiers were compared » ^ ^^^^^.^ ^.^ ^,,,,3 

glutaraldehyde aqueous soluuon,and0 2g a^ ^^^^^ 

solution, these solutions bemg emulsified m f „,i„g the 

eniulsifier. In each case, the first step was ^-V-^ ^^^^^^^ ^oNIC 702 
, .and-homogenizer.-mrRONIC ^ ! ^ Jl^^^^^ L92 
gave . emulsion tha. ^ep-d jn..aU™^ of^the a^^^ ^^^^^ 
gave a very stable emulsion, as did AEROSOL O ^ 
and TETRONIC 50R4 each gave emulsions that separated 

agitation. .^nments was the crossUnking of the polymer 

T.e second step m *ese expenm^t^w^ ^ 

emulsion droplets m — J j:^!^^^^^ .ere contained weie 
emulsification, and the capped bottles m whicti in t^qNIC 1102 

^,edend.ver.t^-^«- ^ ^ 
emulsion remained stable; the ^^^^^ emulsion formed a small 

, massofthewater-solublepolymenthe ^^J^J;^'^^ ^qSOL OT 
amount of coagulum, but otherwise gave a stable emulsion, 
emulsionflocculatedtoamassof polymer. ^„„icio„ in 

The third step in these experiments was the mversion of *e emulsion m 
n TRITON X-305 AEROSOL A-102, or sodium lauryl sulfate 
water containmg 0.5% TRITON A iUD, aei^ . - ™n5nT A 1 02 each 

(all being high-HLB emulsifiers). m TRITON X-305 and AEROSOL A-102 each 
30 (all bemg mgn ^vvlene was easily distilled; the sodium 

pave stable emulsions from which the o-xylene was cd^uy 
gave siauic cu «.vvlene was distilled only with 

lauryl sulfate formed a UtUe coagulum, and the o-xylene was 
HiffLtv The AEROSOL A-102 was selected for fiirther evaluauon. 
' " l^ed 60 g 10% PVA (VINOL 125), 4 g 25% glutaraldehyde,an 

« • ^,T,„i«:if.ed in 100 g o-xylene containmg 3 g 
1 S a 25 % p-toluene sulfomc acid emulsitiea m iw g y . - .^a 

PLTOOmC L92 and ulm^W using a Branson UiTasonmer («mng 7; 50% 
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::::;::Lr ^^^^^ - 

„ve«nd in capped bcUes for 12 horns a. ™om -"^^ ^ 
0.2*1^™ o, AEROSOL A..02. -n» resu,. was an aqueous d.p.r«o„ 
of crosslinkedpoly(vinyl alcohol) particles. • ^ «f th,. 

Those rJled in an v^U app«cia« .ta. .he rr.^ -ght o' 
p„,y(vi.,lalcohoI) wm affec. tt« pn^es of U» crosslinked P"")™" ^"^^^ 
llecnlar weight polym=r requires fewer crasslinlcs .o crossl^k U.an a low 
° :^t."h:p:^^ynrr. -n^ cHdca, paran^rer is nK,.ec».ar weigh. 

a polyn«r >hat would give desirable propeny of fonmng a wonn-hke 

— fton, a hypodemUc needie is p»i»b.y one having a «lanve.y low-.. 

15 moderate molecular weight xy,„,u^^, k4M 

Other experiments were conducted using Dow Methocel K4M 
n^thylceUuIose. This is a hydroxyprt,pylmethyl cellulose (commonly known as 
ZZ cellulose") and is representative of this type of water-soluhle denvat^ve of 
natural ceUulose. Methyl ceUulose can be crosslinked by the ,eachon of J 
20 hydroxylgroups with such difuncdonal compounds as citnc aad, glyoxal. 
lethylolutea, water-soluble melamine-formaldehyde resins, quartemary 
ammonium salts, and water-soluble urea-formaldehye resms. 

Acetal-like derivatives of water-soluble partiaUy-alkylated ceUuloses were 
produced by known techniques by treating an alkylated ceUulose such as methyl 
ceUulose with an aldehyde such as glyoxal or pyruvic aldehyde having the general 
formula R-CCW:0-H, in which R may be a hydrogen or alkyl group, and removing 
the water from the reaction products, e.g., by drying on a glass plate. The products 
obtained were insoluble in water, acetone, and low monohydric aliphatic alcohols. 

The methyl cellulose was dissolved by welting the powdered polymer at 75- 
30 85-C and then adding the remaining water while cooling and stirring. The clarity of 
the solution was improved by chUling to less than IQ-C. 16 g 1% aqueous methyl 
ceUulose was mixed in the conventional manner with 0.1 g hexamethoxyhnethyl 
melamine (CYMEL 300) and 0.0128 g p-toluene sulfonic acid catalyst and heated 
for 20 minutes at 50°C to form a crosslinked gel. When heated, instead, for 30 
35 minutes at 60'C a large mass of crosslinked polymer was formed. This crosslmking 
reaction was carried out in the emulsion. 
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„i P CYMEL 300, and 

0.070 g ^»-u»= sulfonic acid was ^""^■S^ ' . ^.^^^^ 5 »n., » 
SPAN 60. m «™lsic„ was -'•^^^^t '^ize. m ^Isioa was ^ 

^ for 30 ^nules at 70-C to crossluJ. -h. p*™>« ^ ^ 

• ^ A ;« fton ml water containing g a*^* 

emulsifiersweretned. ,„^,u„^v ethanol HLB 14.6, available 

™ '""cT" 'r.::^^-io .a .o. inven 
commercially from Umoi» Carbide) in 9.1 wa ^^.^^ 

carbide) gave sinfflar results; TRITON X-l» ^ 

no flocculation with TRO OIN a lu^ trtTON X-305. 

^ONX-.3.at.d— ^^^^ 

In another experiment 50 g i /» ^4 ,„„uified in 70 g o-xylene 

„^,io,»lia^.K.rys.iner for2. ^JOC K^™^ ^^ ^^ ^ 
• ^^A in son B water contaimng 5 g IKIIUin a-^ \ 

totoet^sulfontcao^^sv^sota poy ^ ^,^„^^n and 

xylene conta-nrng 10% SMK « J „i heated for 1 hour at 62" C 

-^-^r^rZy.^. -o,> ac^.) and 

^.eonlingg— dewe^en^^-^^^^ 
SPANSOinpoiv^ersoi^io^o^r^ ^ ^ 

„ ««"«"^"'=^rT4h2arootn.en.pen>.neor30nm^^ 

gtataraldehyde Med to react after 14 hours « ^^.^ 
60-C 10 g 5% methyl cellulose emulsified in 10 g o-xyle"e contauung 
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«> wi^ and without 1.0 g giutaraldehyde, also failed to -^[^^^^"^^ 

'"n:enaiy.theCYMEL300showedasigt.ficant.^^^^^ 

did the p-toluene ^fonic acid. At 40"C, the CYMEL 300 P<^^-^; 
fonn a Lipitate. Ib contrast, glutaraldehyde did not dissolve in the o-xylene, eve. 
^rC^ONIC 1102 water-in-oil emulsifier was effective in emulsify^g the 
ll?ceUuloseino-xylene.™X-405(^^ ,7.9) was effective m n^vemng 
::^™C 1102-stahilized emulsions in wa.r. Neither r^^ ^^^^J^ 
PVAreacted with glutaraldehyde within 14 hours at room temperatures or 2 hours at 
70-C ^llmbinLn of PVA or methyl ceUulose and glutaraldehyde w.th a few 
drops of hydrochloric acidreacted after 1.5-2.0 hours at 100 C. 

CrossUnking of Chondroitin Sulfate in Aqueous Solution 

"es XX and XXI show *at the crosslinking of chondroitin sulfate wxth 
XAMA-7 crossUnkingagentdidnot give the desired hydropluhc chon^^^ 
gel (as it did with sodium alginate) even at the lower ehondro.tm sulf ate^-7 
wei^tratios. Instead, a white, amorphous precipitate was formed, XX show 
that decreasing the XAMA-7 concentration at constant chondrortm sdfate 
concentration (ph 7.5) so as to give chondroitin sulfate«AMA-7 ratios of 2.0^^ 
also gave a white, amorphous precipitate. The amount of this precipitate decreased 
with increasing chondroitin sulfate«AMA-7 ratio. 

Table XX 

r-p.c,\;.^|r^n f, of rhondro jV" ^vl^"*" XAMA-7 
rhnndiDitin Watert XAMA-I ^ 



Run No. % 



CSX-07i 
CSX-072 
CSX-073 
CSX-074 
CSX-075 
CSX-076 
CSX-077 
CSX-078 



7 
7 
7 
7 
7 
7 
7 
8 



ailfate CS 
(g) 

0.219 
0.219 
0.219 
0.219 
0.219 
0.219 
0.219 
0.219 



Time 
Results** 



(g) 


(g) 


7 Ratio 


2.906 


0.219 


1.0 


2.906 


0.175 


1.3 


2.906 


0.146 


1.5 


2.906 


0.125 


1.8 


2.906 


0.110 


2.0 


2.906 


0.0735 


3.0 


2.906 


0.0540 


4.0 


2.906 


0.0438 


5.0 



Precipitation 
Precipitation 
Precipitation 
Precipitation 
Precipitation 
Precipitation 
Precipitation 
Precipitation 



£hr) 

>0.8 
>0.8 
>0.8 
>0.8 
>0.8 
>24 
>24 
>24 



30 



••''foriiion of white, amorphous precipitate; no visible gelation 
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used .o prepare hydropha.c ^be moteciar 

Lembled » inverse la«x nK»e Aan - ^ ^ ,o 

o. — s.^ --::-l^LU.™ee. C^aroUin 
c^yl and hydroxyl groups. "T^ '^y,^,.^ different resulls. When 

^3.e,andhy3luronic»dandsod.um3.g^.« ^.^ 
3g«a.e, wa. shaken withSg-oluenemasmaUvAa^d g ^^^^^^ 

J,3dded,anoil-in-»a»re„*ion-«orn«l^pHta^ ^,y,^de 

«as rrKXe pro„o««d. Tiu.. *°*»»^^. JtLlsifrer in 

compa^d «i* hyaluromc acid and scdnun algm^. 
^toe solutton because of U« -OSO^Na group. 



25 



30 



Table XXI 



im No. 

CSX-082 
CSX-083 
CSX-084 
CSX-085 



% 

8 
8 
8 
8 



rhnndToitin 
cnlfate CS 

(g) 

0.250 
0.250 
0.250 
0.250 




2.875 
2.875 
2.875 
2.875 



0.1261 
0.0855 
0.0625 
0.0500 



CSL 

Ratio 

2.0 
3.0 
4.0 
5.0 



R<>.gultS** 



++++ 
+++ 
+ + 
+ 



S fo^tion of white precipitate in >7 hours; no geladon 

CrosslinkingofHyaluronic Acidto Aqueo^^^^^^^^ ^ 
Hyaluronic acid (0.14 g) was dissolved m 2.0 g water t gi 

,^nt .el This gel was diluted with 2.0 g water to give an immobile 
solid transparent gel. i ms gei w« . . , , ^:,uted with 1.5 g water, 

3.5* gel. When 1 ,0 8 o, rhis 3.5* ' ^7 crosLtog 

i, gave a Viscous liquid d^ fU,wed slowly ^ ."^Jo^; after 30 
air. (0.15 g) «as added «, give a hyaloromc ac.d«AMA-7 rauo of 

irinmes, a white elasdc gd was formed. 
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Table XXII shows that the pH range 7-9 was favorable for the crosslinking 
of hyaluronic acid, but that the pH range 12-13 was unfavorable. Table XXHI 
shows that hyaluronic acid/XAMA-7 ratios lower than 0.2-0,4 gave the best gels for 
the preparation of the crosslinked hyaluronic acid naicrospheres; ratios higher than 

5 0.6-2.0 gave poorer gels that were not satisfactory for the microspheres, and ratios 

of 1.5-2.0 gave inelastic and immobile gels after 24 hours at room temperature. 

Table XXIV, which used the lower-moiecular-weight hyaluronic add 
(0.75x1 0^), showed different results. The higher-molecular-weight hyaluronic acid 
had to be used at a concentration of 1 .5%; higher concentrations gave immobile gels. 

10 The lower-molecular-weight hyaluronic acid was used at 2.5% concentration; this 

gave a mobile solution; higher concentrations such as 3.5% gave immobile gels. 
The optimum hyaluronic acid/XAMA-7 ratio for producing an elastogel was 0.5 for 
the lower-molecular-weight hyaluronic acid and 0.25 for the higher-molecular- 
weighL More XAMA-7 was required to crosslink the lower-molecular-v/eight 

15 hyaluronic acid to a suitable elastogel than for the higher-molecular- weight 

hyaluronic acid This trend was expected: the lower the molecular weight, the 
greater the number of crosslinks required for insolubility. There may be some 
inu^olecular crosslinking of the higher-molecular weight hyaluronic acid. 

20 Table XXn 

CrossHnking of Higher-Molecular-Weight* Hyaluronic Acid 
with XAMA-7 at Different pH 



Run No. 


% 


Hyaluronic 


Water 


pH 


XAMA-7 


HA/ 


Time 


Time to 






Acid (HA) 


(g) 




(g) 


XAMA- 


to 


Gelation 






(g) 








7 Ratio 


Qoud 


(min) 
















(min) 




HAX-1513 


1.5 


0.0450 


3.0025 


13 


0.0490 


0.92 






HAX-1512 


1.5 


0.0450 


3.0011 


12 


0.0457 


0.99 






HAX-1511 


1.5 


0.O450 


3.0078 


11 


0.0452 


1.0 


85 


420 


HAX-1510 


1.5 


0.0450 


3.0000 


10 


0.0450 


1.0 


60 


150 


HAX-1509 


1.5 


0.0450 


3.0000 


9 


0.0458 


0.98 


60 


130 


HAX-1508 


1.5 


0.0450 


3.0010 


8 


0.0455 


0.93 


60 


120 


HAXZ-1507 


1.5 


0.0450 


3.0021 


7 


0.0450 


1.0 


60 


120 



25 * 1.2x10^ 

** formation of a cloudy precipitate 
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Table XXm 

Crosslinking of Highcr-Molecular-Weip ht* Hyaluronic Acid 



Run No. 



HAX 
HAX. 
HAX. 
HAX- 
HAX- 
HAX- 
HAX- 
HAX 
HAX 



15820 
15817 
15815 
15810 
15808 
15806 
15805 
15804 
15802 



1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



Hyaluronic 
Acid (HA) 
(g) 

0.0458 
0.0454 
0.0454 
0.0456 
0.0456 
0.0456 
0.0459 
0.0460 
0.0452 



Water 


pH 


XAMA-7 


HA/ 


Time to 


Time to 


(g) 


(g) 


XAMA-7 


Cloud 


Gelation 




Ratio 


(min) 


(min) 


3.0050 


8 


0.0229 


2.0 


>180 


>1440*»* 


3.0053 


8 


0,0270 


1.75 


100 


>1440*** 


3.0021 


8 


0.0303 


1.5 


80 


>1440*** 


3.000 


8 


0.0454 


1.0 


60 


120 


3.0023 


8 


0.0563 


0.8 


60 


120 


3.0029 


8 


0.0750 


0.5 


60 


120 


3.0010 


8 


0.0900 


0.5 


60 


120 


2.9997 


8 


0.1121 


0.4 


45 


elastoge) 


3.0003 


8 


0.2250 


0.2 


40 


elastogel 



* 1.2x10^ 

** lime to form a cloudy, white precipitate 
*** inelastic, movable gel 



Table XXIV 

rmsslinkinp of Lower-Molecular-Weight* Hyalur onic Acid 
with XAMA-7 at Different HA/XAM A-7 Ratios at pH 8 



Run No. 



25815 
25812 
25810 
25808 
25805 



2.5 
2.5 
2.5 
2.5 
2.5 



Hyaluronic 
Acid 
(HA) 
(g) 

0,0769 
0.0769 
0.0769 
0.0769 
0.0769 



Water 


pH 


XAMA-7 


HA/ 


Gelation 


Time** 


(£) 


(g) 


XAMA-7 


Cloud 


Gel 




Ratio 






3.000 


8 


0.0522 


1.5 


50 


>I80 


3.000 


8 


0.0641 


1.2 


50 


>180 


3.000 


8 


0.0760 


1.0 


50 


180 


3.000 


8 


0.0983 


0.8 


50 


130 


3.000 


8 


0.1526 


0.5 


50 


60»** 



* 0.75x10^ 
** in minutes 
*** elastogel 



20 Crosslinking in Aqueous Emulsion 

Hyaluronic acid microspheres were prepared using the same procedure used 
to prepare the sodium alginate microspheres. First, ammoniimi hydroxide was 
added to raise the pH of the hyaluronic acid solution to 10-11; the solution was then 
emulsified in toluene to ^ve the desired droplets. Then, the XAMA-7 crosslinking 

25 agent was added and the pH was decreased to 8-9 using acetic acid. The system was 

then allowed to crosslink at room temperamre for 4 or 24 hours; then, the 
isopropanol dehydrating agent was added. The sample formed two layers: the top 
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mcrosphOTS. Hk Mure to produce ""^"^"^T^ ^^^^e acid 
(1.2x106). A3.5%concent«nonof hyalu™..caadg ^ 
soWon of hyal»«n.= ^ was viscous -^f "> 4, ^„ 
p^ce of span 60 e^ulsite in ».»e« -luu-Th. -^^^J^^ ^ 
„hy low-concen.ia.ion polymer solunoos requM a lugn 

™"p:^ hydrcpbilic hyaluronic acid gel n.cn,sphe.es. .00 g 
, »ln J::2ng , Uomc acid was disposed in 100 g ».uene ~ 

1 0* w/w span 60 using a mechanic) stiner a, .000 rpm for 15 nunu,^. 
•^-7 ccssUnking agen. was adde4 *e dispersion was s«ed ^r ^ 

houT^ which 100 m. isopropanol dehydradng agen. was added to i^r 

hT^rn^crospheres ,om«d. m upper layer Of .o.ue„e«sopn^o, ».u^ 
, ^s^arated by decantation. The n^cr^P^- were wasW ^jr^ ^ 

isopro^l. separa^d by ul^centrifugaUon. and dried .n an L 

TableXXV shows thafc fcr*ehighern.olecolarwe.ght(1.2KlOO). the we,g« 

^„„,hya,un>nicacid«AMA.7crossBnkingagen.and the <" f 
tapor^mr hyahnonic acid«AMA-7 «dos of less dtan 0^5 and control of the pft 
„ ZT^O-Uto prepare the etnulsion, then a. 8-9 for the crosslinking step w«e 
Z^TZ L aesired nticrospheres. Hyaluronic acid«AMA^ ratios h.^ 
Z^, suTh as 1.25 or 1.75 (Runs HAB-01 a... -02), - ^ 
nncrospheres. If U« pH of the system was kept at 7-8. the tmcrospheres toame 

crossUnked, but easUy stuck together. 

„ Table XXVI shows that the lower-molecular-weight (0.75xl06) hyaluronic 

acid gave spherical microspheres at a hyaluronic acid«AMA-7 ratio of 0.5. Most 
of these spherical microspheres were smaller than 212 micrometers. ^ 
The molecular weight of the hyaluronic acid used in Table XXV (1.2x10 ) 
was greater than that used in Table XXVI (0.75xl06). More XAMA-V was required 

30 for crosslinking this higher-molecular-weight hyaluronic acid than for the lower- 
molecular-weight hyaluronic acid. Tius trend was the opposite of that expected and 
was attributed to the possible intramolecular crosslinking of the higher-molecular- 
weight hyaluronic acid. The desired elastic gel microspheres were obtained in both 



cases. 
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^e^placcdon a glass sUde and hca«d m an ^ ^acs, as 

drying method must be invesugatcd further. Ati 
to dry the microspheres on larger scale. 



EuelN^ 



Table XXV 

r^^Qlinked ^"ith X AMA-7 



Water Phase (g) 
Hyaluronic'acid 

Water 
pH** 

Oil Phase (g) 

Toluene 

Span 

Crosslinking Agent (ml) 
XAMA-7 

jIA/XAMA-7 Ratio 
pH** 

Stilling Rate (rpm) 

Reaction time (hr) 

Dehydrating agent 
Isopropanol (ml) 
Methanol (ml) 

Particle Shape 

Microspheres (%) 

a. >150um 

b. 150-212 am 

c. 212-150 um 

d. <150um 



100 



1.5 
0 
7-8 



100 



1.5 
0 
7-8 



100 



1.5 
10 
7-8 



100 



1.0 

0.67 
0.80 g 

1.75 

7-9 



1000 



100 
100 



100 
1.0 

1.1 
1.3 g 

1.25 

7-9 

800 

13 

100 
100 



liquid Liquid 



100 
1.0 

5.0 
6.0 g 

0.25 

7-9 

1000 

5 

2x200 
aggregated 



69.7 
30.3 



15 



* 1.2x10^ 

** pH adjusted with 



concentrated ammonium hydroxide or acetic acid 



;Q4 



1.5 
lO 
10-12 



100 



100 



1.0 

5.0 
6.0 g 

0.25 

7-9 

1000 

12 

2x200 
spherical 



11.5 
12.6 
68.8 
7.0 
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Table XXVI 



Rim No. 



Water Phase (g) 
LHA 
Water 
pH** 

Oil Phase (g) 
Span 60 
Toluene 

Ciosslinking Agent (ml) 
XAMA-7 



ljHA/XAMA-7 wt ratio 
pH** 

Stirring rate (rpm) 

Reaction time (hr) 

Dehydrating agent (ml) 
Isopropanol 

Particle shape 

Mica-osphere size (%) 

a. >250um 

b. 250-212 urn 

c. 212-150 um 

d. <l50um 



2.5 
100 
10-11 



1.0 
100 



4.2 
5.0 g 

0.5 

8-9 

1000 

12 

2x200 
spherical 

5.9 
6.9 
35.3 
512 



**pll adjusted wilh concentrated ammonium hydroxide or acetic acid 



LHAE:Q2 



2.5 
100 
10-11 



1.0 
100 



4.2 
5.0 g 

0.5 

8-9 

1000 

12 

2x200 
spherical 

23.9 
3.4 
24.2 
48.6 



Example 29 

This example illustrates a 500 ml batch size production of microspheres. 



P^pare Solutions 
Solution A: 
Solution I: 



Dissolve 15.00 g NaOH in 500 ml distilled and deionized 

Mix 6.5 g hyaluronic acid with 25 ml of Solution A in a 50 

Solution B: S£?Sotsobitan monostearate (Span-60) in 150 ml toluene 
m a 500 ml glass bottle. 
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Solution n: 



10 



20 



25 



30 



35 



40 



45 



50 



55 



Stepl 

Step 2 
Step 3: 
Step 4 

Step 5: 
Step 6: 
Step 7: 



(T««„-80) intoiMctor- ^ 5.0 ml of 

Continue slitimg f<^'" ™2?f.\5ai, rcacWi. (Note- this B 
cross-Unking agent ^DGQ ;„ solution ID. 

l^"^ ,.. agitation and cease the ntn at 9.0 bours ±- M 

minutes. 



Step 8: 

Step 9: 

Step 10: 
Step 11: 
Step 12: 



^SSrSS 400 ml acetone andcondnue vacuun-ing 

for 5 - 8 minutes. j distilled deionized 

Reconstimte beads wi^ 2^^«^^^^^^ 

?s::SeSus^g'£^^^^^^^^ 

SSired size range from 20 to 90 pm. 



Step a: 
Step b: 
Stepc: 
Stepd: 
Step f : 
Step g: 
Steph: 

Step i: 



wash 10 tnl of i^^-p>^ beads with 100 «nl v*r 3 
the washed beads in 10 nJ water and adjust pH to 

^ 0.5 tng of Bio«lve Molecule in 2.0 tnl wa» and 
ffa-fnTl (ai^ut 5«. ntS) <>2f?,r" " 

^X'Ss^ratM^^ t« 4 hours 
at room temperature. o v lOO ml water, 100 ml 0.1 

containing anti-microbial agents at 4 C. 
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Example 30 

fxrD\Ar\ a "fiber-tvpe" implaat (i.e. not sphcncal) was aisu p 

and Aeology cha«c.=nsfe of ft. nJaosph«es w«e easdy c<»,«>Iled b, ™y»g 

the process parameters. 

1 mmHPMC in 50 ml of 0.5M NaOH + 30 gram of 
Aqueous: e(SgE +3.2 grams of Tween 80 

100 ml Toluene 

Mix organic into aqueous, after inixing well 51.02 grains 
EGDGE are added. Stir overnight. 

temperature. 

Wash with 1-propanol 3 times, wash with acetone 1 time, 
wash with dionized water 3 times. 

Using 1 .0 M NaOH overnight at room temperature 
Depyrogenated PBS 



Organic: 
Reaction: 

Final Reaction: 

Purification: 

Depyrogenation: 
Storage: 



p^^^,^i n^. <:yr.th.<\. of Cross-T Wium Hvninronate Gel ( General) 
Aqueous solution: 



1.0 g Sodimn Hyaluronate in 50 mL of 0.75M NaOH + 3 
mL Tween 80 



Organic solution: 
Reaction: 



150 mL toluene + 9 mL Sorbitan Triooleate (SPAN 85) 

Add 25 mL Ethylene glycol diglycidyl ether (EGDGE) to 
aqueous solution when sodium hyaluronate was coinptetely 
Ssolved in aqueous solution in a reactor placed m wa^^ 
at 70^C Oi^anic solution was added after EOULjii 
dissolved in aqueous solution. The reactor was cooled down 
S mom temperature 30 min after addition of orgamc 
solution. Add 75 mL EGDGE and conunue stirrmg 
overnight. 
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Purification: 



45 



50 



Was 
times 
2 times, 
minutes. 



Aqueous solution: 



1.0 Chondroitin Sulfas A i. 50 of 0.75 M NaOH * 

niLTweenSO 



Organic solution: 
Reaction: 



Purification: 



150 mLtoluene.9mLSorbitanTriooleate (SPAN 85) 

Add 25 mL Ethylene g^y^Stutf^T w^^^^ 
aqueous solution when f 'Xr placed in waterbalh 

cJJssolved in aqueous sc^utton^^ ECpGE 

at 70°C. Organic solution J^f cooled down 

dissolved in aqueous solutionjhe^^tor ^^^^^ 

l^lS "SST^ni° eTdG^ and continue stirring 
overnight 

wash in 1-propanol (3 tif^^gg ^^^^.S^geT^S^^ 
times gel volume) 2 tunes, disul^edH20PU 6 

2 times. The beads were boiled m distuiea 

minutes. 

£^n1 Frr r^°^'T P ^""1^" T^p?>fis ( Cen eraQ 

1 Og Inulin in 50 mL of IM NaOH +3 mL Tween 80 

dissolved in solution! Stir f or - 40 hrs. 

^^ n tiTT,e«i pel volume 4 times, acetone (2 
Wash in 1-propanol (2 'f^^ S^i voiugc ^^^^^ 
tin,esgelvolume)2tunes,disUU^H20pum g 

5 times. The beads were boiled m distiUea n^^ 

minutes. 

Using0.5MNaOH.ovemightatroom«mp«a«c. 

lOg Msi^ i. 50 ni-of 0.5MNaOH . 3 ^T»«n «0 
O^c sCuaon: ,50™L .o.u=n.^ nO, So*i»TH«,.ea.e (SPAN 85) 



Aqueous solution: 
Organic solution: 

Reaction: 
Purification: 
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Reaction: 



Purification: 



10 



70 

10 of Ethylene g^<Ujlya^^^ t 

aqueous solution ^^^"^SS^Sr^ateLth at WC. 
aqueous solution m a reactor V^^^^^ ^g^olved in 
Sganic solution >vi?/^,ti c^led down to rcK^m 

JoTbGDGE and continue stuimg overnight 

Wash in 1-propanol (3 times gt^t^js^^S^^ltSS 

minutes. 
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20 



25 



30 



35 



Example 31 

Th. microspheres pr«teed in Example 30 passed cy^toxici^. 
pyrogenici-y Ksts and we« found ,0 be subsm.aally non-<oxK. 

Example 32 

l^unogenedty »su performed on .wo «en=n, batdKS of aig^^ 
response in implanted ammals. 

Example 33 

A„ ^ imflan»n«ion .es. was performed on microspheres procta^ 

Xice NO mortaHty. mort.idiV, signs of toxicity, or any s,gns of distress w«e 

^r^etestaLis. ^"'•^'^'^•'"""r'^lTt 
»fFecls the short tern, inflammatory ceU responses of the host to «ie 

:::rs. ^n^Iicros;- a^ract more transient monocytesM^rophages 
than other materials tested. 

Example 34 

Chronic implantaUon «s,s using the microspheres of Example M showed no 
^verse^corlocalUssnereactionto the implant. Tl. microspheres retamed 

their shape and size in the implant site. 
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10 



15 



20 



25 



30 



or compuk.*"^ f •„„^f redness irritation or swelling, 

surrounding tissue showed no sign of redness, imta 

Example 36 

«v the batch size was 22 liters, the hydrophiUc polymer was 
In this example, the batcn size ,^„Kifvine agents were a 

■A organic phase was toluene, the emulsifying agenu. 
hyaluronic acid, the orgamc pn ^^^sUnking agent was ethylene 

combination of SPAN 60 and TW^N2.^d *^^ ^^^^^.^ ^^^^^ ^„ 

glycol deglycidyl ether (a diepxoide type crosslinker 

g^°"P^^- , /inn rr«r, ra sneed fast enough to mix the 

•n,. agitato speed was only 400 .pm (a sp«d ^ 

ex-ive-Ha,*----;^.^^:/;rr:!3^ !„ .4 a«e, 

,n™«»imaelv75%oflhepaiaclesbeingapproximately30|lin. ^. ^ . ^ 

*^TlI^>es' xhibUed e,>ceUe„. stabfli,,. Under consent tagh shear 

""""^^^or^d i„ ^ exan^e were surprisingly easy u> 
tt.».gha22 gauge needle, requiring less to,5pounds per square inch. 

Example 37 

we suspended Sephadex beads of different sizes and rigidities in either non- 
^lil^^ruronate I saline (. n>gM) or plain saline solutions and ^ 
r«ttn force between the two. We found no difference between Seph^iex 
With or without hyaiu^^^te. dentons^tting that the hyaiuronatc does 
notfmctioi.asadeBveiyaidwhenniixedwithinjectablemictosphe.es. 

" 1™ though n^-crosslini™. hyaluronate did funcdon as an u,^a^» 
„asfoundtobeanuseM ingredient for injectable intplants t«ause "J^^^ 
rnflamn^toty .espouses to implant materials. Thus, ma.er.als such as Sephadexs 
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. ^d,ri«d „olv««tan<te microspleBS which may not b<= tahcrenfly 

regen^La ptase has begun and n~o:y ells ™y no longer p^ay a 

role at the implant site, 

I. Objective: To hydrate Sephadex beads in a solution of hyaluronaie in PBS 

equal to 1 mg. hyaluronate per ml. of PBS. 
n. Purpose: To add lubrication to the beads to ease flow through the needle. 



15 



20 



25 



m. Equipnient: _ 
Instron 4200 series Interface with Load CeU#2418-80 

Upper Compression plate for Instron 

30cc Syringes (two for each test) 

3cc Syringes - Becton Dickinson Cat #9585 (one for each 3cc of 
material for testing) 

22G/1 inch needles - Becton Dickinson Cat #5155 
Drying stand for transurethral needles 
Analytical Balance (RR-0026/Cal. due 7-29-96) 
Test tube rack 

Rubber stoppers for syringes 
Male/male luie-lok fittings 



IV. Testing Materials: 

Sephadex G-200-50 - Sigma (lot# 64H1244) 

Sephadex G-75-50- Sigma (Oot# 75H907) 

Sephadex G-50-50 - Sigma (lot# 124H0078) 

Sephadex G-25-50- Sigma (lot# 12H1057) 

Dulbecco's Phosphate Buffered Saline without calcmm chloride 

magnesivmi chloride 

Sigma - Cat #I>-5527, Lot #44H4646, Exp. 05/96 
Sodium Hyaluronate 

Life Core - Cat #101 1-1 100, Lot# 1-91323-1 
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Procedure: 

A. Make up hyaluronate solution mPBb 

n0.210gn.hyaluronateaddedto210^^^^^^^^^ 
2) Place on stir plate and stir with magnetic surrer 
in solution. 
B Prepare 30cc syringes. 

1) Remove plunger 

2) Stopper bottom with rubber stopper 

3) Label with type of Sephadex to be added 

E.' Bring to 30cc volume with appropriate solution. 
F Gently seat plunger back in place. 

H Replace stopper and let stana on piuuB 

I.' Record total amount of swelledbeads ,„„tain 
J. Remove stopper and push out Uqmd porUon that does 
Sephadex. 

K. Hook Male/Male fitting on end of syringe. 
I Hnok second 30cc syringe to sample. 

times. 

N Remove second 30cc syringe. 

O Lf.ttingtotransfersampleto3ccsynnges,3ccpersyrmge. 

P Place 22 G needle on each syringe of sample. 
Q. Test on extrudabUity on the Instron machine. 
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Vn Conclusion 

The hyaluronate at this level appeared to have litfle or no effect on the 
Sephadex. A higher concentration of hyaluronate may give a more positive result. 

Example 38 

This 30-day implantation study showed that the smaller size microspheres 
trigger less inflammatory responses and therefore are more desirable than larger size 
microspheres when used as an injectable implant 

Overall Purpose: The otgectivc of this study was to investigate whether the 
particle size of implanted polysaccharide microspheres influences long term 
inflammatory and/or fibrotic responses in a rat model. 

Animals: Male Sprague Dowley rats in good health, weighing 
approximately 100 grams, were used in the swdy. 



Test Materials and Animal ID Number 

1. Test material #A (animal Al): 

Hyaluronic Gel (<20 - >150 jim bead size) 

2. Test material #B (animals B 1 and B2): 

Hyaluronic Gel (20 - 45 pm bead size) 

3. Test material #C (animals CI and C2): 

Hyaluronic Gel (45 - 33 pm bead size) 

4 Test material #D (animals Dl and D2): 

Hyaluronic Gel (63 - 90 pm bead size) 

5 Test Material # E (animals El and E2): 

Hyaluronic Gel ( 90 - ^1 50 pm bead size) 



35 
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Facility for 7 days prior to initiation of this smdy . 
fur on the back was then clipped. 

3. 0.5 mi of was .njec^d subscapu,. in—) in» to* *e 

left and right sides of each animal. 

c^rrificed bv inhalation of C02. The implanted 
A After ^0 davs rats were sacnlicea oy iiuioi* 

fixed with Formalin. 

5. Tta rued ™-a. was c„*.dd=d»«»c in pa^ffia section a^la^ 

with haematoxylin and eosin. 

20 

Results: 

A. Materiallnjected: cnhi;caoularlv administrated 

.1 n < rv.1 nf the test matenals were suDScapuidiiy oku^ 
Approximately 0.5 ml of the test matt 

to both left side and right side of animal. The weights mj 
25 measured and are listed in Table 1 . 
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Weight of Test Materials Implanted in Rats 

Left-WT (grains) Right-Wt (grams) 

0.59 



A-l 
B-1 
3-2 
C-1 
C-2 
D-1 
D-2 
E-1 
E-2 



0.62 
0.61 
0.65 
0.58 
0.48 
0.46 
0.53 
0.61 
0.49 



0.53 

0.59 

0.54 

0.53 

0.55 

0.59 

0.53 

0.52 



B. ■ Post Injection Animal Care 

Af,„ «r<p^on. animals we.. obs«v=d for visible uss.e responses 
aroundftein^planmionsue. Tl,ese we. recorded a. 1. 24. 71 and ,44 hours post 
iniecdoo. The injection si« were scored on a scale of 0 to 3 as follows. 

0 = No reaction 

1 = Slight redness and swelling only over implant 

2 = Mild redness and swelling over implant and surrounding tissues 

3 = Severe redness and swelling over implant and surrounding tissues 

Visible Tissue Responses to Implanted Test Materials 
The score of tissue responses materials 



Test 


Animak 


1 hour 


24 hours 


72 hours 


144 hours 


# 












A 


1 


0 


0 


0 


0 


B 


1 


0 


0 


0 


0 


B 


2 


0 


0 


0 


0 


C 


1 


0 


0 


0 


0 


C 


2 


0 


0 


0 


0 


D 


1 


0 


0 


0 


0 


D 


2 


0 


0 


0 


0 


E 


1 


0 


0 


0 


0 


E 


2 


0 


0 


0 


0 
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No extemaUy visible inflammatory responses or other adverse tissue 
responses were observed. 
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C. Animal Weights , , ^ 30 days after implantation were 

weights of animals before and 30J^ ^ 
measured. The .est materials had no obvious effect on th gr 
animals. 




25 



ex«nt of foreign bod, «sponso (primarily, *c number, o fo«.^ P 
p,ese„.),flb««i.=na«c«n,ofceUuiarinfa,«don(o,asca.eofO»3). 

0 = No visible response 

1 = Weak response 

2 = Mild response 

3 = Strong response 

Note- The grade 0 - 3 was designed tor compari«.n I«POse in ori«r» dilfere„t|«e 
^ 5 I^SleH^s. TT« i«erp«»ons for each »s, ma^rial (below) «e also 

ir^purpose, Therewasnoapi^aranceof any -^-^^ 
d„ri.ga3<X.ayi.^.an«do„wi*-yof5p,lysacchariden,a,enal. AH 5 ma«.ab 

are cooadered safe for tissue implantation. 
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Type and extent of Tissue Reactions to Implants 

Fibrosis 




15 



^^^"^^^^^^reign body reaction and chronic inflanunatory response were quite 
evident around the implants. Significant fibrotic tissue (fibroblasts and coll^^^ 
fibrils) was present in the capsules around the hnplant I^ge numbers of foreign 
body giant ceUs and macrophages had penetrated the body of implants and 
enveloped individual particles of the test material. 

Test Material B . 

These implants triggered only weak foreign body reactions. Strong fibiouc 
responses, notably an accumulation of large numbers of fibroblasts and coUag^ 
fibrils were present. However, the ceU material interaction was hmited to the 
interface between and tissue. Cell penetration into the interstices of the implant body 
was minimal. 



20 



Jest Material C 

Mild foreign body responses and fibrotic responses were observed around 
the implants. Foreign body giant cells were abundant in the material/tissue interface. 
Mild cellular infiltration also occurred hranediately surrounding the implants. 
However, most of the inner portions of the implant were free of invading cells. 
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a ^ ^^^^ ^ 

penetrated the matenal implants. Notawy, snum 
developed within the implants. 

''^'^fo.ign body reactions and tnild fibrotic responses were found 
Ussuei^lUSaceJtto these implants. Numerous foreign body g^t cells 

occurred in most areas within and adjacent the implant. 

'"r implantation for 30 days, the different test matenals ^ggered dist^t 
Ussue retTonsrsuch as foieign body responses, fibrosis and ceU ^^^^ J^ 
1 R «nd C triggered weak inflammatory response and mild fibroac 
CnsL rir^ rlaterials A and B prompted marked ^ammatory 
:rors: -esmanersizebeadstrisgeronlyweak^flami^o^^^^^^ 
theLore are mor. desirable than larger size beads, which lUicit a strong 
immunological response, when used for implantation. 

Example 39 

Q^,H V nf Artite I n fl" "^^"^ Rg^mnses To Trriplanted 

P»lYcan/^haridf: pi^n"^^""^'^ ^ice 

"'^'^T^ScUve of *is s„dy . » ~ "-"^^ 

polysacctaride mortals accoitog u, process of *= p«sen. u«««on 

cause acute inflammatory responses in mice. 
Test Materials 

1. Test material #1: Hydroxypropymethyl Cellulose Fiber (length 150 - 500 

pin,widthlO-20Mm) 

2. Test material #2: InuUn Beads (38 - 90 Mm) 

3. Test material #3: Alginate Beads (38 -90 Mm) 

4. Test material #4: Chondroitin Sulfate Beads (38 - 90 pm) 

5. Test material #5: Hyaluronic Acid Beads (38-90 pm) 

6. Saline 

7. Zymosan A (1 mg/ml, from Saccharomyces cerevisiae) 
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Jfiit Protocol 



1. 
2. 

3. 

4. 
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M^e Ba.b* n.ce w« purchase- fton, Taeonic to. (Gennamcw.. NY) 
FoUowed the implantation procedure, 1 ml of test maie 

The numbers of mOmmmy ceUs <'^''^ ^"""^ ^„ 
„,„„ocy.estacrophag«s,a»d,«alcclU»« d«emu,«db, *e«ll specie 

enzyme activities. 



Results: 



15 



Animal Record 
Animal 
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Brief observauon: biomaterials may cause the 

Acute inflarnmatoiy responses to ^P^^ inflaxnmatoiy 

were estimated. 



B. The recmitment of neutrophil (PMN) 
Test iviaienal 




J«iu«J v«fl. poo, compaUWe m«enaU (such as zymo^ A ma 

- ^ - — "irr.= — — =^ 

acceptable as implant materials. 
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C. The recruitment of monocytes/macrophages 



Test Material 


Enzyme Activities 
(mUnit) 


Estimated CeU Number 
(X 100.000) 


1. 


354 ± 48 


322 ±44 


2. 


284 ±75 


258 ± 68 


3. 


236 ±9 


215 ±8 


4. 


321 + 25 


292 ± 23 


5. 


887 ± 466 


807 ± 424 


6. 


31 ±6 


28±5 


7. 


48 ± 13 


44± 12 



Brief Interpretation 

About 2,000,000 resident macrophages usually reside in the naive mouse 
peritoneum. During inflammatory responses, peripheral monocytes may be 
recruited to the peritoneum to join the resident macrophages. Macrophages are 
important in mediating wound healing responses, for example phagocytosing tissue 
debris and mediating the proliferation of fibroblasts,. Therefore, the number of 
macrophages recmited can be used as an indication of wound healing 
responsiveness, i.e. an indicator of tissue reconstruction occurring in tiie implant 
sites. Naive or saline (material #6) injected peritoneal cavity had 'ncMmal' 
macrophages (mostly resident macrophages) accumulation. Strong inflammatory 
agents (such as zymosan A-material #7) trigger severe inflammatory responses and 
the accumulation of neutrophils, which delay the appearance of macrophages. 
MatMial #5 triggered the most macroi*age accumulation. Mild macrophages 
accumulation is found on material #1, #2, #3 and #4. This study suggest that 
material #1, #2, #3, #4, and #5 do not inq)air normal wound healing responses. 

D . Total peritoneal cells 



Test Material 


Enzyme Activities 
(mUnit) 


1. 


1526 ± 135 






2. 


397 ± 98 






3. 


877 ± 131 






4. 


924 ± 145 






5. 


1097 ± 593 






6. 


167 ± 155 






7. 


525 ± 155 
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Brief Interpretation: 

In the process of implant mediated tissue responses, the implant sites are 
occupied by inflammatory ceUs (such as macrophages/monocytes and neutiophUs) 
and proUferating fibroblast. The total number of ceUs in the implant sites, 
(peritoneal cavity), may represent the degree of tissue responses to mipianted test 
materials. The total number of cells can be assessed by the activities of lactate 
dehydrogenase, which is a common cytoplasmic enzyme. Material #1 tnggered 
substantial cell accumulation. Other test materials #2, #3, #4 and #5 induce milder 
10 tissue responses. 

nurr..:. rnfl^mmatorv g^H Pihrntir. Re.<;ponsps To Implanted Polysaccharide 

R^nmatftrials in RatS 

Overall Purpose 

The objective of this study was to investigate whether test polysacchande 
materials differ in their tendency to trigger chronic tissue responses (including 
fibrosis and inflammation) in rats. 

Animals 

Male Spiague Dowley rats in good health, weighing approximately 150 
grams, were used. 

Test Materials and Aiumal ID Number 

1. Test material #1 (1-1. 1-2, 1-3) Hydroxypropylmetiiyl Cellulose Fiber 
(lengtii 150-500 pm, width 10-20 Mm) 

2. Test material #2 (2-1, 2-2, 2-3) Inulin Beads (38-90 pm) 

3. Test material #3 (3-1, 3-2, 3-3) Alginate (high mannuronic acid content) 
Beads 38-90 pm) 

4. Test material #4 (4-1, 4-2, 4-3) Chondoritin Sulfate Beads (38- 90 pm) 

5. Test material #5 (5-1, 5-2. 5-3) Hyaluronic Acid Beads (38-90 pm) 

6. Test material #6 (6-1, 6-2. 6-3) Alginate (high guluronic acid content) Beads 
(38-90 pm) 

7. Saline #8 (control) (7-1, 7-2, 7-3) 



20 



25 



30 



35 
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Test Protocol: 

1. Male Sprague Dawley rats (3 animals per test material, total 24 rats) were 
purchased from Taconic Farms (Germantown, NY) and acclimated for 7 
days prior to initiation of this study. 

2. Rats were anesthetized with ketamine-xylazine (ketamine 80 mg/kg body 
weight and xylazine 12 mgAeg body weight) according to standard 
procedures. The fiir on the back was then removed with electric cUppers. 

3. 1 ml of test material was implanted by subscapular inoculation in each 
animal. 

4. After 4 weeks the rats were sacrificed and the implanted materials with 
surrounding fibrous/collagenous tissues were carefuUy removed and fixed 
with buffered formalin. 

5. The explanted and fixed tissues were then embedded in paraffin, sectioned 
and stained with hacmatoxylin and eosin. 

Results: 

A- Material Injected: 

Weight of Test Materials Implanted in Rats 



ID# 


WT(Rrams) 


ID# 


WT(grams) 
1.09 


ID# 1 

1-3 


WT(grams) 
1.04 


1- 1 

2- 1 


1.07 
1.04 


1- 2 

2- 2 


1.01 


2-3 


0.95 


3-1 


1.02 


3-2 


1.03 


3-3 


1.04 


4-1 


1.04 


4-2 


5:59 


4-3 


0.97 


5-1 


1.04 


5-2 


1.00 


5-3 


ro5 


6-1 


1.03 


6-2 


1.13 


6-3 


1.03 


7-1 


1.01 


7-2 


0.95 


7-3 


1.07 



30 



B . Post-Injection Animal Care 

After the injection, the implanted animals were observed for visible tissue 
responses around the implantation site. These were recorded at 1, 24, 72, and 144 
hours post injection. The injection sites were scored on a scale of 0 to 3 as foUows: 

0 = No reaction 

1 = Slight redness and swelling only over implant 

2 - Mild redness and swelling over implant and surrounding tissues 

3 = Severe redness and sweUing over implant and surrounding tissues 
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Visible Tissue Responses To Implanted Test Materials 





The score ot tissue responses 




Test 
Materials 
1 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 

6 

6 

6 

7 

7 

7 


Animal # 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 


1 ooooooooooooooooooooo 


24 hours 

0 
0 
0 
0 
0 
0 
0 
0 
0 

U 

0 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


72 hours 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 ooooooooooooooooooooo 



No evident tissue inflammatory responses were observed for all polysaccharide 
s implants. 



10 



C. Animal Weights 

The weights of animals before and after implantation were measured. AD 
animals gained weight after implantation and test materials had no obvious influence 
on the rate of growth as compared with the control group (#7). 
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W«ghts and W«ght Change In Imptanted Animals 




an, ^ ^ ™ above. - 

»„ pan^s and subjectively graded accoriing to mc«»^ng seventy (0-3) by ^ 
mvestigalois and by a boaid certified pahologisL ,,^„,.„ 
Pattern A: Kgher fibrodc responses, typified by the presence of fib«>blas^ 

and fib^ n^teria. — g .be in^t n«ss. S.«»g — 
inffltrafion «.d giant ceU reacdon sunonnding individual partK^lcs of Kst n,a.enab^ 

^ B- Weak cell filtration (centets of the in^lsnts have few or no cells) 
and .elafively nuld giant ceU teactions and fibrosis an»«i test ma.e,«ds. 
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Type and Severity of Tissue Reactions to Implants 




10 



safe for tissue implantation. All miplants (excepi ami 
remained in the place when retrieving. 

Test Material #1 -snonse were evident 

Fomen body reaction and chronic inflammatory response were 
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Test Material #2 

These implants triggered strong foreign body reacuons and fibmac 
responses The implants weie also surrotmded by fibrous/collagenous capsules 
(100 to 300 urn thick) comprised of coUagen fibrils and numbers of foreign body 
giant cells and fibroblasts. The interstices of the implants also were fiUed with large 
numbers of cells. The invading cells (including numerous giant ceUs and some 
fibroblasts) were found encircling individual particles of test matenal. 

Test Material #3 

This material initiated mUd foreign body and fibrotic responses. A large 
number of fibroblasts, collagen fibrils and some giant c^lls formed fibrotic capsules 
around the implants (50-300 pm thickness). CeU penetration to the imier aspects of 
the implant was relatively rare. 

Test Material #4 

These implants triggered strong foreign body reactions but weak fibrotic 
responses. Implants were surrounded with a thin layer (50 to 150 pm thicknes^of 
fibrous/collagenous capsules, comprised mainly of fibroblasts and coUagen fibnls. 
Large numbers of foreign body giant cells occurred around and within the m„lant 

bodies. 

Test Material #5 

Implanted materials prompted strong foreign body reactions and weak 
fibrotic responses. The implants were covered by a thin fibrous/collagenous capsule 
5 (25 to 100 pm thick), comprised predominantly of fibroblasts and collagen fibnls. 
A large number of giant cells had invaded the implant body and enveloped the 
particles of test materials. 



30 



Test Material #6 . ■ j u 

Strong foreign body reaction and mild fibrotic responses were mediated by 
the material implants. Implants were surrounded by a large number of giant cells 
and some fibroblasts (50 to 150 pm thick). Cell penetration into this maienal was 
marked A large number of giant cells had invaded deeply into the center of the 
material mass and formed many small reticular compartments within the miplant. 
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Saline Control . 

No visible foreign body reaction or fibrotic response was found m the ussue 
as expected. Saline usually disappeared approximately an hour after injection. 



Conclusions: ^ .-j 

Expectably, our negative conuol (test niateiial #7 - saline injection) did not 
cause any visible adverse tissue responses. After hnplantation for 30 days, the test 
materials triggered v^idely different tissue responses. QuaUtatively, the test matenals 
can be divided into two distinct groups: -bioactive' and "bioinerf. The more bioactive 
materials (test material #2. 4. 5. and 6) triggered stronger tissue responses (including 
chronic inflammation, fibrosis, and foreign body giant cell responses) wheieas the 
bioinert materials (test material #1 and 3) triggered only mild or weak tissue 
responses. 

Example 40 

Ttie studies showed that crosslinked polysaccharides (one hyaluronate and 
two different alginates) are non-immunogenic. which is essential for an implant 

material. 

Immunogenic Responses to a Mixture of Polysaccharide Biomaterials in 

Rabbits 

Study Objective 

-nie objective of this study was to assess the production of anubody to 
implanted polysaccharide biomaterials in rabbits. 

Animals: . 

Young male adult rabbits (New Zealand White) in good health, weighmg 
approximately 2 Kg, weie obtained from Millbrook Farm (Amherst. Massachusetts). 
Each anhnal was tattooed with a unique identification number. 

Test Material and AnimallD Number 

1 . Hyaluronic Acid Beads (45-90 \im) (animal #1, 2, and 3) 

2. Alginate Beads (high mannuronic acid content 45-90 pm) (animal #4, 5 and 

6). 

3. Alginate Beads (high guluronic acid content; 45-90 pm) (animal #7, 8, and 9). 
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' !!:I:pl^.«>.Mm^kF-ns<Ana«suMA,a„d.ccb™^ 

days prior to initiation of lllis study. . 
a aL ligb. ancstlt^ia, each of tlte mne ral*i.s was — ed ^ 

3tots«i.*t«ta.atorial«.-dmco,nple,e,nix,«onday28,35,42.49.aod 
56 (or week, 4, 5, 6. 7, and 8). 

2a. Approximately 2.0 ml of the test material mixture/Freund complete (v:v 
= 11) were used for initial injection. 

2b." Approximately 2.0 ml of the test material mixtare/Freund incomplete 
(v v =11) were used for booster shots. 

The rabbits were monitored for six days after immunization. Thereafter 
weekly inspection of the animals' health, diet and fluid intake weie earned 



3. 



out, 



The blood samples (10 ml) were coUected in serum mbes from each animal 
on week 0 and 10. 

After clotting at room temperature for two hours, blood samples were 
centrifuged (500 xg, 10 mmutes) to collect serum. Rats were sat^^ced by 
inhalation of CO2. The implanted materials and tissues surroundmg them 
were recovered by careful dissection and fixed with Formalin. 
6. The fixed material was embedded en bloc in paraffin, sectioned and stamed 
with haematoxylin and eosin. 

25 Results: 

A. Material Injected 

Approximately 0.5 ml of the test materials was subscapularly administered to 
both left side and right side of the animal. The weights of injected materials were 
measured and are listed below. 
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m 

A-1 

B-1 

B-2 

C-l 

C-2 

D-l 

D-2 

E-1 

E-2 



Weight of Test Materials Implanted In Rats 



0.62 

0.61 

0.65 

0.58 

0.48 

0.46 

0.53 

0.61 

0.49 



0.59 
0.53 
0.59 
0.54 
0.53 
0.55 
0.59 
0.53 
0.52 



B. Post Injection Animal Care ^ w vkible tissue responses 

mj«uo». The micctton sites «=ic scored on » scale ol 

0 = No reaction 

1 - Slieht redness and swdling only over implant 

: MUd redness and sweUing ov« iniplant and st^oundmg ^ 
3 = severe redness and swelling over implant and surroundfflg ussues 




Noeaernallyvisiblei.llan^na.oryrespon-""'^'^^'"''^"^^^^ 



' ?r!i;rot anima. before and 30 days a,.r in,>.an.a.on ^ 
" ^ r-es. materials .ad no o.vio. e«ec. on tl« gro«. of the test 

animals. 
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► AnUbody Titers: 

Antibody M^n. GeJ^- SundSu^' 
Materials Titration 



1 



148,78,100 



109 ±36 I6.ncin2 0.28 cm 

2 86,32,42 53 ± 29 12.86 cm^ O-^S'^"'' 

3 48,50,108 69 ±34 14-56 cm^ 0.28 cm^ 
Conclus.on: Ve^ iow anti^ Ute. .e. seen in ^ injec^ wi^^ 

materials are non-inununogenic. 
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F^-^,p>. f in>.e^ IT TII T^^^ M^tpri^ 

#1 j»2and#3 



Solution required: 

Test serum (dUuted 1:10 with PBS) 
Pre-immune serum (diluted 1:10 with PBS) 
Antigens (test materials #1, #2 and #3) 
PBS 

Washing buffer: PBS/0.05% Tween 20 
Blocking solution: PBS/1 .0%BSA 



Blocking solution: i-Bi/i.uTODo/^ 

Antibody: Protein A conjugated with horseradish peroxidase (HRP) 
(Accurate Chem & Sci #BYA 8605-1) in PBS (10 mM pH 7.4) 
Citrate buffer: Distilled water 100 ml 
1.42 g NaH2P04 (or 1.63 g of monohydrate) 
1.05 g citric acid (1.15 g of monohydrate) 
Substrate for horseradish peroxidase (HRP)* 
15 mg o-phenylenediamine (abbreviated as OPD, sigina#P1526) 

25 ml citrate btiffer 
25 ul 30% H202 

*This substrate must be made up fresh each time prior to the assay. 



30 



wo 99/31167 



93 



PCT/tS98/26094 



Equipment required; 

Octavac filter strip system (Fisher) 

96-weU strip plates (Fisher #07-200-359) 
filter strip spacer (Fisher #07-200-363) 

Centrifuge 

Standard 96.weU plate centrifuge adapter 
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Method: ,„H90ulofPBS>viUbeaddedin96- well stnp plate. 

1. iOuloftestmatenalsand90ulofPU5»v ^be^ddedto 

This provides about 5 ug of antigen per weU. (100 ul PBS 

control wells). ,.nn X s 10 minutes). 100 ul of PBS 

2 Remove solution by centnfugauon (500 X g. 10 rmn ) 

.mbeaddedtoeachwell. After 10 mmu. -^--^^rwir^ -re 
solution will then be removed by centnfugation. Followed 

3. :r2:r""'loc^B solu^on to each well (includ^g control weUs, 
Incubate at 37°C for one hour. o then 2X with 

5. dau»d scon, COO uiMcB, » ^ -lis usi:.. PBS as 

Incubate for one hoar at 37°C. 
6 Wash=3ch«cnlXv,itt>PBSffwecn20,a«n2X««l.reS 

, Aad.OOulofHRPconj«ga«dprote«,Aat37-C,orl.^. 

■ Washeach well IX wiU.PBS^«een20>en2Xw.d.PBS 

Aad 200 »1 of subsm«. (OPD. Sigma #P1526) «, each well at 37 C for 30 

.0. ^Il.s(absorban«at450.m).cc,»parecolorwi>hpreli™».esen.m^ 



8. 




II, 12 
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Example 41 

We performed steriUty test on hyaluronate microspheres and the results 
demonstrate that this polysaccharide does not support growth of any bactena or 
fungi on its surface or in the material matrix. Moreover, pre-sterilized (i.e., non- 
autoclaving) gels were also negative for bacteria growth. We conclude that usmg 
polysaccharides such as hyaluronate for implants should limit the occurrence of 
biomaterial associated infections, a common complication that often results m 

implant/device faihne. 

We also tested in-vitro cytotoxicity and hemolysis on hyaluronate gels. TTie 
results showed the materials are not toxic to the cells, which can be expected smce 
most polysaccharides are extracted from living organisms. 

The purpose of this experiment is to test the steriHty of hyaluronate 
beads both before and after autoclaving. 



Purpose: 



Procedure: 
1. 



Note 



Submitted one syringe ofPre-Autoclaved hyaluronate beads and one 
syringe of Post-Autoclaved hyaluronate beads to the microbiology 
lab for sterility testing. 

Each syringe contains 3 cc of cross-linked hyaluronate beads. 



Results: Both samples were negative for growth. 



25 Direct Transfer Procedure: 

1. Under a laminar flow hood, expel half the contents of the test syringe mto a 
25 X 200 mm test mbe containing a minimum remaining half into a test wbe 
containing a minimum of 40 ml of sterile Trypticase Soy Broth (TSB). 

2. Incubate product samples in FTM at SO-SS^C for 14 days, and those in TSB 

30 at 20-25''C for 14 days. 

3. After 14 days, check for any signs of turbidity which would indicate bacterial 

or fimgal growth. 

Results- No mrbidity was found in the "Before" or "After" sanq^les. This 
35 means that no bacteria or fungi were found in the samples. 

Therefore, the Hyaluronate Before and the Hyaluronate After can be 
considered sterile. 
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Cytotoxicity and Hemolysis Testing 

Purpose: The purpose of tbis experiment is to test hyaluronate gel for 

J cytotoxicity and heolysis. 

Procedurci i 
1 P„=p^syringes,eachconBtaing4mlof45-90micronhyalaro«.e8el. 

2. SM U-e syringes ,o Mien,biok.m Ub for Cyto,o«c,.y 3nd 

hemolysis testing. 

■ app„xHna<=.y five ntoiKs. The discs w«e m«sfened to *e surface of *e 
.T- overlaying *= .es. monolayers. The tes, san^le showed no 
^ reactivity and n>=. *e requirements of the agar dtffuMon 

cytotoxicity test. 

Hemote^ ^^^^ ^^^^^y ^^^^^3 „^ f ^ test 

' sample 10ml of the suspension .as transferred to a sterile test tube 25 ml 
of sLle saline solution was added to this tube to bring the total volume to 
35mlwhichwasthenextractedat70"Cfor24hoursperML^. Testmg 
from this point won was per MW)09. The sample had a mean hemolysis 
25 value of 1.99%, which meets the requirements of the test. 

Example 42 

To qoaBiV as an in-plant. iniplant nuOerial must contain vety low 
endotoxin level«20EU for one taptan. d-i« or <5 EU/Kg bodyweigh, per ta^ 
„ (or injecti™, dmg, as .equired by FDA). Tte raw mateHals or 

implalit must therefore have a ™y low level of endotoxin, to avod expenstve 

"■^^"e endotoxin sceening tests on many different ^lysa^d« 
™. materials as wen as on all crossUnked implantable gels includmg (1) 

" Tl^^ solL (5) sodium hyaluronates from difl^nt suppUers (T. 
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^ to„ endotoxin ««ch suggests .hat the polysaccharides a« good 
candidates for implant materials. 

Example 43 

We perfonned in vteo cell culture studies to test -whether cn^dinked 
^crosphc^s ftom ,«o diffeten. soutces suppon growth o^^hun^ 
fibroblasts. Tte fibroblast plays an essential role in wound heahng and ussvk 
^Bng processes. Brieny. h pn^uces enzymes to digest de^ rissuc, generat^ 
new collag«. and other extracelMaar n^ proteins to reconstruct new tn^. a.|d 
„ coordini n«ny events during inflanunadon and angiogenesis to ensure smooti^ 
"Leung. Itn^Unt which are co^paUble with fibroblast shou^ ass-^t 

healing. Our studies showed hyalurona^suppon a normal growth of fibrobl«s. 

Purpose: The purpose of this experiment is to see it fibroblasts wdl anacb to 
to Hyaluronate Beads on both Tissue Cu.u«e and Non-Tissue Culture Treared 
15 WeU Plates. 

Procedure* 

1 Coated two wells of Hyaluronate Beads from source #1 on both Tissue 
Culture and Non-Tissue Culture Treated Well Plates. 

2 Coated two weUs of Hyaulronate Beads from source #2 on both Tissue 
Culture and Non-Tissue Culmie Treated WeU Plates. 

3 Allowed to dry overnight 

4. Placed 100,000 cells in MEM Incomplete Media + L-glutamine m each well. 

5 . Allowed to dry ovemighL 



25 
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Results: 

Well Plates were examined under the microscope. 

Tissue Culmre Treated Well Plate: 

For hyaluronate beads from both sources, the cells attached to the enme 

surface of the beads and the well. 

Non-Tissue Culture Treated Well Plate: 

For hyaluronate beads from both somces, the ceUs were attached to the 



35 beads only. 
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Summary: 
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The cells attached to the beads on both the Tissue Culture T^ated and Non- 
Tissue Culture Treated Well Plates. 

Example 44 

we performed extrusion tests on many different crosslinked polysaccharide 
gels either manually (hand extrusion) or by an Instron machine. By -tro^g 
Ltness and si« range of the particles, all polysaccharides can be ^^-^J^ 
through smaU gauge needles (e.g., 22 gauge). ^ elastov^scous proj^rty of mo^ 
^lylcharide materials warrants them as an excellent candidate for mjectable 

'"'^''^ We also injected efferent polysaccharide gels into pig bladders and pig 
urethras. By comparing the results with collagen injecdon. we found many 
polysaccharides provided equal or even l,.tter integrity as well as stabd.^ 0-^ 
TveL bulking effects) within mucous tissue. We conclude that usmg crosshnked 
polysaccharides for soft tissue augmentation is surpnsmgly effecuve. 



Procedure: 

1 Placed 0.4 g of beads in a 10 cc syringe. 

2 Added 10 ml of PBS to each syringe and mixed thoroughly. 
3. Turned each syringe plunger side down and allowed to sit. 

1. Sephadex G-50-50 

2. Sephadex G-75-50 

3. Sephadex G-200-50 

4. Sephadex G-200- 120 

5. Alginate 

6. Chondoritin Sulfate A 

7. Hyaluronate 



30 Observations: . . 

Two of the four syringes that were made had separated into a Uquid layer and a bead 

layer. 

Sephadex G-50-50 5cc beads Sccliquid 
Sephadex G-75-50 6cc beads 4cc Uquid 
35 Sephadex G-200.50 lOcc beads 

Sephadex G-200-120 lOcc beads 
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Procedure: 

4. Extruded the liquid layer from the syringes that had separated. 
5 Attached 22 gauge needle. 

6. Injected the sample into a pig bladder and a pig urethra. 

collagen - EasUy extruded through the needle and into the tissues. Soft and rnushy 
once inside the tissues. Did not maintain shape. Spread out over ume. Looks bke 

fat 

G200-120 - Easily extruded through the needle and mto the tissues. Soft once 
inside the tissues. Maintained shape. Similar to Collagen. 

G-50-50 . Easily exm^ded through the needle and into the tissues. V6ry hard once 
inside the tissues. Maintained shape very well. Like a hard tumor. 

Alginate - Fairly difficult to extrude into the tissues. Hard once inside the tissues. 
M^edshapeweU. Very much like the Sephadex 50-50, but not qmte as hard. 

G-200-50 - Easily extruded through the needle and into the tissues. Soft inside Ae 
tissues. Maintained shape with sHght spread overtime. Similar to CoUagen, but 
maintained shape better. 

Hyaluronate - Easily extruded through the needle and into the tissues. Soft on^ 
inside the tissues. Maintained shaped with sUght spread overtime. Similar to 
Collagen, but maintained shape better. 

0-75-50 - Easily extruded through the needle and into the tissues. Hard once inside 
thetissues. Maintained shape well. Similar to Sephadex G-50-50, but not quite as 

30 hard. 

Chondroitin Sulfate A - Easily exmided tiirough ti.e needle and into the tissues, 
soft once inside the tissues. Maintained shape with a sUght spread over ume. 
Similar to Collagen, but firmer and held shape better. 
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Oil-Ill}'"^ 


Extrudability 
thru 22 Gauge 


Firmness 


Stability 


Collagen 

Sephadex G-50-50 


Easily 
Easily 


Very Soft 
Very Hard 


Spread out 
overtime 

Maintained shape 


Sephadex Ci-75-50 
"Sephadex G-200-50 

'Sephadex U-200-12U 


Easily 
Easily 

Easily 


Hard 
Soft 

Soft 


Maintained shape 
Shght spread 
overtime 

Maintained shape 


Alginate 
Hyaluronate 


Difficult 
Easily 


P3 CO 


Maintained shape 
Slight spread 
overtime 


Chondroitin 
Sulfate A 


Easily 


Soft 


SUght spread 
overtime 



Samples Ranked from Hardest to Softest 

1. Sephadex G-50-50 

2. Alginate 

3. Sephadex G-75-50 

4. Hyaluronate 

5. Chondroitin Sulfate A 

6. Collagen* 

6. Sephadex G-200- 120* 
6. Sephadex G-200-50* 
*A11 very similar 

Procedure: Cut each injection site open to see the texmre of the beads once inside 
the tissues. 
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Observations: When the injection site was cut open with a scalpel each sample 
came out in a paste-like geL 

Purpose: To inject beads into a pig bladder and a pig urethra while observing the 
ease of extmdability and whether or not the beads remain in place once inside the 
bladder and urethra tissues. 

Procedure: 

1 . Placed 0.4 g of beads in a 10 cc syringe. 

2. Added 10 ml of PBS to each syringe and nuxed thoroughly. 
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3. Turned each syringe plunger side down and aUowed to sit overnight. The 
four syringes made are as follows: 

1. Sephadex G-50-50 

2. Sephadex G-200-50 

3. Sephadex G-200-120 

4. Sepharose CL-2B-300 

4. Extruded the liquid layer from each of the four syringes. 

5. Attached 22 gauge needle. 

6 Injected into pig bladder and urethra. 

r AdditionaUy collagen was injected into the pig bladder and urethra also. 

Results: 

Collagen . , . , ^ 

Easily extruded through the needle and into the tissues. Remamed ,n place 
once inside the tissues. Formed a soft and mushy bump where injected. It was also 

very soft and pliable. 

The first injection into the bladder resulted in a bleb (blister hke pustule^ 
This was because the injection was made too close to the surface, m second 
injection into the bladder was deep enough into the tissues so as not to cause a bleb, 
but a visible lump never appeared in the tissue. When injected into the urethra 
another bleb formed. Also the collagen would start shooting out of hole m whrch 
the needle was inserted. 

G-50-50 , . ... 

EasUy exmided into the bladder and urethra. Stayed in place once injected 

into the tissues. Formed an extremely hard bump where injected. THe bump could 
not be moved around or squeezed. 

Sephadex G-200-50 

Easily extruded into the tissues. Remained in place at first, but slowly began 
to dissipate. At first formed a firm bump, but did not hold shape with nme. Even 
though it was firm it was not neariy as firm as the Sephadex G-50-50 and with tm^ 
it became as soft and pUable as the coUagen. 
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as the G-50-50, First injection into the urethra was deep enough to form a visible 
knot without bleeding. The knot retained its shape well. 

Chondroitin Sulfate A 

Easily extruded into the tissues. Remained in place once inside the tissues. 

Formed a firm knot at first, but lost its firmness overtime. 



INJECTIONS 




Sample 



Sephadex 



Sephadex G-200-50 



Sephadex G-200-120 



Extrudability 
thru 22 
Gauge 



Easily 



Easily 



Easily 



Stability 



Dissipated with 
time 



Remained in place 
n/a 



Firmness 



Firm at first, but 
soft overtime 
Hard knot formed 



Hyaluronte 
(Ufecore) 



Unable in tissues 



C hondroitin Sulfate A 
ginate (Sigma) 



Remained in place 
Remained in place 



Firm knot formed 
Firm at first, but 
soft overtime 



Purpose: To swell Sephadex beads and then test their extrudability through a 22G1 
needle on the Instron machine. 



Procedure: 

1 . Placed 0.5 g of beads in small beaker, 

2. Added 30 ml of PBS to the beads. 

3. Allowed beads to swell overnight 
The following beads were used: 

Sephadex G-50-50 
Sephadex G-75-50 
Sephadex G-200-50 
Sephadex G-200-120 

4. Packed die beads in 3 cc syringes. Three syringes were made for each type 

of beads. 

5 Tested each syringe on the Instron machine using a 22G1 needle. The 
average load at maximum load and the average load between limits weie was 
14.41 lbs. and 0.6584 lbs. for the G-SO-SO; 5.632 and 0.5047 for 0-75-50; 
0.9315 and 0.3349 for G-200-50; and 0.9450 and 0.401S for G-200-120. 



PCT/US98«6094 

WO 99/31167 

102 



•0 



«™ieP.e-A«oclavedHy3laroniUeB«bandPost.Au.oclave<l Hy 
through a syringe. 

Procedure: Tested each syringe on the Instron using a 22Glneedle. 



Results 



Pre-Autoclaved Hyaluronate Beads 

. 4.333 IDS. 

Maximum Load: 

AveragcLoadBetweenlimits 1: 0-3037 IW. 

(This is the average load from start to finish). 

Posi-Autoclaved Hyaluronate Beads 

J 4'.327 IDS. 

Maximum Load: 

Average Load Between Limits 1: 0-3010 l^^s. 

(This is the average load from start to finish), 
summary: Autoclaving has no effect on the ext^dability of the Hyaluronate Beads. 

Although the present invention has been described in detail with resp«:t to 
various embo^nts thereof, it should be clearly understood that ^ same ts by 
ly" example and iUustrationonlyandisnot to be taken by way of imu^^^ 

IpMt and scope of the present invention being limited only by the tem« of the 



25 appended claims. 
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•Vy^t is Claimed is: 

• f .r«6«iinked waier-swellable polymer 
1. A process for the preparauon of crossUnked wai 

particlescomprisingthestepsof: ^ ^ 

combining an aqueous polymer som ^ ^^^^^ 

.luble polymer having . leas, one ^^^^^^^^X^, . lease one 
^um with an oU phase compnsmg -J^^^^^lJ^ ^^plets of tl. 
emulsifier under moderate agitation so as to form an 

v,ater.soluble polymer; and erossUnking agent capable of 

adding to the emulsion at least ^ ly^^er so as to 

crossUnkingthefunctionalgroupsorchargesonthewatersolub p 

fomi crosslinked water-s>.ellable polymer particles. 

TheprocessofClaimlwhereintheemulsifierhasanHLBv.lueof 

less than about 8. 

3 Th= proems, of Chim.,«toeinU»e™uI.if.er is sej^ ft^^ 

and a metal soap. 

5. Ti,.pm»ssofaata4.ftmhercompristogthes«pof«coveringfl« 
crosslinked waBr-swellable polymer paltidK. 

6 Thcprocessotaaiml,wl«einlh=n«iooftewei6l«ofthe«a,er- 
solubtepoly^rlotharof acaosslinkinsagentUfiom^omO l »abou. 10. 

7 The process of Claim I, whereil. crosslirtod »att,-s«l^le 
polymer prfdes have a size bew«n *oot 10 nicmo^ in di=n«er and about 

250 micrometers in diameter. 

8 The process of Oain, 1, wherein crosslinked wa.er-sweUable 
p„.y„»rp.rUcleshaveasizeg«a,ertha»*ou. .0 o^cn^n^ers indiame^r and less 

than about 212 micrometers in diameter. 
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9 Th. process of Qata 1. «he,em crossUdccd wa«WW,le 
polyn^rparbctes have asizc ^rton about .0 aia.n«er a^i tess 

than about 150 micrometers in diameter. 

10 The process of Claim 1, further comprising the step of adjusting the 
pH of the aqueous polymer solution above or below PH7SO as to redact ti.^^ 

L r^oTof the crosslinking agent with the water-soluble polymer, and after the 
emulsion is formed, adjusting the pH is to approximately pH 7. 

1 1 The process of Claim 1. wherein the water-soluble polymer has at 
least one functional group selected from the group consisting of hydroxyl group^ 
Uol groups, carboxyl groups, sulfonic acid groups, sulfate groups, phosphate 
groups, amino groups, aldehyde groups, and sulfonyl hahde groups. 

12 The process of Qaim 1. wherein the water-soluble polymer is 
selected from the group consisting of proteins, polysaccharides, peptidoglycans 
glycoproteins, proteoglycans. ceDuloses. teichoic acids, Upopolysacchandes. and 
Tylthetic hydrophilic polymers, sodium alginate. poly(N-vinyl pym>hdone). meUyl 
cellulose, chitin, chitosan, agarose, dextrans. poly(vinyl alcohol), chondroitm sulfate. 

xanthans. dermalan sulfate, keratin sulfate, amylose. amylopectin, canageerians, 

glycogen starch, heparin sulfate, limit dextrans and fragments thereof, emulsan. 

gellan. curdlan, hyaluronic acid. poly(ethylene oxide), bovine semm albumm, human 

gamma globulin, and mixmres thereof. 

13. The pit)cess of Claim 12, wherein the water-soluble polymer is a 
polysaccharide. 

14. Tlie process of Claim 13, wherein the polysaccharide is selected from 
the group consisting of hyaluronic acid, sodium alginate, chondroitin sulfate, 
celluloses, chitin, chitosan, agarose, dextrans. xanthans. dermatan sulfate, keratin 
sulfate, amylose. emulsan, gellan. curdlan. amylose, carrageenans, amylopectin, 
dextrans, glycogen, starch, heparin sulfate, and hmit dextrins or fragments thereof. 
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. , I wherein the crosslinking agpnt is selected 
^^^^°^^^^rrJ;y^Xt.s-rbeta(N-^^^^^^^ 

XAN4A-7, epicWorhydnn. divmy ammonium persulf ate. 

carbodiimides, diepoxides. polyepo«des. and ammon 

. of aaim 1 wherein the inert hydrophobic Hquid is a 
16 The process of uaim i. 
hytoartxmornu«ureofhydn>c»Aons. 

„ ^process of a* >6w.e^,.U« hydrocarbon is se^*^ 
„«g,oupco„sis.ingof»luene.o.x,lene.a.aisoocu.». 

wherein at least 80% of the particles ar« sphencal. 

..,.,nrerp.rU.ep«P=^o,of^J.^^^^ 
a„ greater man about 10 mK™n.«:rs «. dran^ter an 
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micrometers in diameter 



niQim 18 wherein the particles 

micrometers in diameter, 

/.f riflim 18, wherein the 
21. The polymer particle preparation of Qami 

crosslinking is provided by covalent bonds. 

contprise at ^ «^ w--soh.«e ear^xyl 

^tetea from the group conststmg of '■y'i«"'>" ^„ g„„ps. 

g^ps, sulfonic add groups, sulfide groups, phosphate groups, 
aldehyde groups, and sulfonyl halide groups. 
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23. The polymer particle preparation of Qami 18, wherein the particles 
comprise at least one water-soluble polymer selected from the group consisting of 
proteins, polysaccharides, peptidoglycans, glycoproteins, proteoglycans, celluloses, 
teichoic acids, lipopolysaccharides, and synthetic hydrophilic polymers, sodium 

5 alginate, poly(N-vinyl pyrrolidone), methyl cellulose, chitin, chitosan, agamse, 

dextrans. poly(vinyl alcohol), chondroitin sulfate, xanthans, dermatan sulfate, keratin 
sulfate, amylose, amylopectin, carrageenans, glycogen, starch, heparin sulfate, limit 
dextrans and fragments thereof, emulsan, gellan, curdlan, hyaluronic acid, 
poly(ethylene oxide), bovine serum albumin, human gamma globulin, and mixtures 
10 thereof. 

24, The polymer particle preparation of Claim 23, wherein the particles 
comprise at least one water-soluble polymer which is a polysaccharide, 

15 25. The polymer particle preparation of Claim 24, wherein the 

polysaccharide is selected from the group consisting of hyaluronic acid, sodiimfi 
alginate, chondroitin sulfate, celluloses, chitin, chitosan, agarose, dextrans. xanthans, 
dermatan sulfate, keratin sulfate, amylose, emulsan, gellan, curdlan, amylose, 
carrageenans, amylopectin, dextrans, glycogen, starch, heparin sulfate, and limit 

20 dextrins or fragments thereof. 

26. The polymer particle preparation of Qaim 18, wherein the particles 
arc formed by the process of Claim L 

25 27. The polymer particle preparation of Qaim 18, further comprising a 

bioactive agent 

28. An aqueous dispersion of crosslinked waier-swellable polymer 
particles, wherein the particles are substantially homogeneous in size, wherein the 

30 particles are between about 10 micrometers in diameter and about 250 micrometers 
in diameter, and wherein at least 80% of the particles are spherical. 

29. The aqueous dispersion of Claim 28, wherein die aqueous dispersion 
is extnidable through a 20 gauge hypodemiic syringe needle. 

35 
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30. A method of soft tissue augmentation comprising administering to a 
patient in need of soft tissue augmentation an aqueous dispersion of crosslinked 
water-swellable polymer particles, wherein the particles are substantially 
homogeneous in size, wherein the particles are between about 10 micrometers in 
diameter and about 250 micrometers in diameter, and wherein at least 80% of the 
particles arc spherical in an amount to effectively augment the affected tissue of the 
patient 

31. The method of Claim 30, wherein the particles contain at least one water- 
soluble polymer selected from the group consisting of proteins, polysaccharides, 
peptidoglycans, glycoproteins, proteoglycans, celluloses, teichoic adds, 
lipopolysaccharides, and synthetic hydrophilic polymers, sodium alginate, poly(N- 
vinyl pyrrolidone), methyl cellulose, chitin, chitosan, agarose, dextrans, poly{vinyl 
alcohol), chondroitin sulfWe, xantiians, dermatan sulfate, keratin sulfate, amylose, 
amylopectin, carrageenans, glycogen, starch, heparin sulfate, limit dextrans and 
fragments thereof, emulsan, gellan, curdlan, hyaluronic acid, poly(ethylene oxide), 
bovine semm albumm, human gamma globulin, and mixtures thereof. 

32. The method of Claim 31, wherein the particles comprise at least one 
water-soluble polymer which is a polysaccharide. 

33. The method of Claim 32, wherein die polysaccharide is selected from 
the group consisting of hyaluronic acid, sodium alginate, chondroitin sulfate, 
celluloses, chitin, chitosan, agarose, dextrans, xanthans, dermatan sulfate, keratin 
sulfate, amylose, emulsan, gellan, curdlan. amylose, carrageenans, amylopectin, 
dextrans, glycogen, starch, heparin sulfate, and limit dextrins or fragments thereof. 

34. The mediod of Qaim 30, wherein the aqueous dispersion of 
crosslinked water-swellable polymer particles is administered to a patient in an 
amount effective to treat a defect selected from the group consisting of urinary 
incontinence, vesicoureteral reflux, glottic insufficiency, gastroesophageal reflux, and 
skin defects. 



35. The method of Qaim 30, wherein the particles further comprise a 
bioactive agent 
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36 A method of promoting tissue growth comprising administering to a 
patient in need of tissue growth an aqueous dispersion of crosslinked water- 
::lle ^lyn^r particles. Where. tlK. ^cles are suhs^^^^^^ 
size wherein the particles are between about 10 micrometers m diameter and abou 
^TorTaometersLameter. andwhe^in at least 80% of the particles are^hen^ 
in an amount which provides a scaffold sufficient to promote tissue growti. m the 
patient. 

37 The method of Qaim 36. wherein die particles contain at least one 
water-soluble polymer selected from the group consisting of pro^^, 
polysaccharides, peptidoglycans. glycoproteins, proteoglycans, celluloses, teichorc 
adds lipopolysaccharides, and synthetic hydrophiUc polymers, sodium algmate, 
poW-vinyl pyrroUdone). methyl ceUulose. chitin. chitosan, agarose, dextrans, 
poly(vinyl alcohol), chondroitin sulfate. Xanthans, dermatan sulfate, keratin sulfate, 
amylose, amylopectin, carxageenans. glycogen, starch, heparin sulfate, limit dextrans 
and fragments thereof, emulsan. gellan. curdlan. hyaluronic acid, poly(ethylene 
oxide), bovine serum albumin, human gamma globulin, and mixtures thereof. 

38. The method of Claim 37. wherein the particles comprise at least one 
water-soluble polymer which is a polysaccharide. 

39 Themetijod of aaim38, wherein tiiepolysaccharideis selected from 
the group consisting of hyaluronic add. sodium alginate, chondroitin sulfate, 
celluloses, chitin, chitosan. agarose, dextrans. xantiians, dermatan sulfate, keratm 
sulfate, amylose. emulsan. geUan, curdlan, amylose, carrageenans. amylopectm. 
dextrans. glycogen, starch, heparin sulfate, and limit dextrins or fragments thereof. 

40 The metiiod of Qaim 36, wherein the aqueous dispersion of 
crossUnked waler-swellable polymer particles is administered to a patient in an 

30 amount effective to promote cdl growtii of tissue in die breast, lip. perns, bone, 
cartilage, or tendon. 

41 The method of Qaim 36. wherein the aqueous dispersion of water- 
sweUable polymer particles is administered to a patient in an amount effective to 

35 promote wound healing. 
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42. The method of Qaim 36, wherein the particles further comprise a 
bioactive agent 
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